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STUDIES IN ANAPHYLAXIS! 
XIV. ON THE RELATION BETWEEN PRECIPITIN AND SENSITIZIN 


RICHARD WEIL 
Frem the Department of Experimental Medicine in the Medical College of Cornell 
University, New York 


Received for publication November 2, 1915 


In the following papers the term ‘‘Anaphylactic antibody”’ 
has been replaced by the word ‘‘Sensitizin.” This has the 
advantage of brevity. The word is formed on the analogy of 
the words precipitin and agglutinin, and carries its own signifi- 
cance—namely that substance which confers sensitization. No 
distinctions are at present known between the substance respon- 
sible for active, and that for passive sensitization, so that both 
are covered by this term. Besredka some years ago suggested. 
“‘Sensibilisin,” but this is foreign to the spirit of the English 
tongue, being constructed on the root of the French verb ‘‘Sensi- 
biliser’’ (to sensitize). ‘‘Anaphylactin,”’ a term suggested by 
Anderson, had been used in a different sense by Gay and South- 
ard, which seems to preclude its adoption. 

Friedberger (5) was among the first to maintain the identity 
of precipitin and sensitizin, basing his belief on the fairly con- 
stant ratio between these two substances in various sera. Doerr 
and Russ (1) independentiy reached the same conclusion on the 
basis of a similar argument. This relationship, however, does 
not seem to be uniform, inasmuch as various observers have 
noted marked departures therefrom. Kraus and Novotny (6) 
after a careful experimental study of the conditions, categorically 
deny the identity of precipitin and sensitizin, and decline to 
accept the foregoing argument based on parallel ratios. 


1The previous studies in this series were published in the Journal of Medi- 
cal Research, 1913-1915. 
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The most recent attempt to determine the relations between 
precipitin and sensitizin was undertaken in 1914 by Lake, Osborne 
and Wells (7). They found that: ‘‘At the time the precipitin 
reaction appears, the passive anaphylactic condition usually can 
be induced in guinea pigs injected with this precipitating serum.” 
They state their conclusions very cautiously as follows: “‘Inas- 
much as the antisera which gave the precipitin test also caused 
passive anaphylaxis, it is possible that one and the same anti- 
body is common to these two reactions.”’ Doerr (2) summarizes 
the situation in the statement that the majority of workers 
tend to assume three different antibodies, in conformity with 
the three functions of precipitation, complement fixation, and 
sensitization. 

Recent studies in the immunological aspect of human pneu- 
monia seemed to me to lend renewed interest to this problem. 
Torrey and Weil (8) found that sensitizin was present during the 
disease, and generally absent after the crisis, whereas most 
observers have reported exactly the reverse of the occurrence of 
agglutinins, which generally appear only after the crisis. The 
question naturally arises as to the relationship of these two 
sorts of antibody, both to one another and to the evolution of 
the disease process. The following experiments seem to shed 
some light upon the latter question, and at the same time upon 
the long standing discussion concerning the identity of pre- 
cipitin and sensitizin. 


IDENTITY OF PRECIPITIN AND SENSITIZIN 


There is one experiment, which does not seem to have been 
previously performed, that might bring the issue as regards the 
identity of precipitin and sensitizin nearer to a decision. If 
one could make use of the precipitate formed by the union of 
antigen and precipitin, to sensitize an animal passively, this 
result might be taken to indicate that precipitin may also act 
as sensitizin. After a considerable number of ineffectual at- 
tempts, it was found possible to accomplish this, as is evident 
from the following experiments. 
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Experiment 1. In this experiment the precipitin was supplied 
by the serum of rabbit 894, which had received repeated injec- 
tions of horse serum. This animal was bled on June 11. On 
this date 0.1 ec. of the serum gave a heavy precipitate with 
0.01 ce. of horse serum. Its sensitizing value is indicated by the 
following tests: 


Guinea pig 852. June 11, 0.1 cc. 894 intraperitoneally. 
June 12, 0.3 ec. horse serum intravenously. Moder- 
ate symptoms. 
Guinea pig 853. June 11, 0.3 cc. 894 intraperitoneally. 
June 12, 0.3 cc. horse serum intravenously. Imme- 
diate death. 


On June 12 a series of tubes, each containing 1.5 cc. of 
Serum 894, was mixed with descending amounts of horse 
serum. The tubes were incubated for one hour, and then kept 
in the ice-box for forty-eight hours. The precipitation, which 
occurred almost immediately after mixing, is indicated in the 
following table: 

TABLE I 
Serum 894, 1.8 cc. 


HORSE SERUM PRECIPITATE 
ce. 

(1) 0.3 2 a 

(2) 0.15 ale alaata 

(3) 0.05 cTeate 

(4) 0.02 + 


The tubes were centrifuged and the supernatant fluid poured 
off. Five cubic centimeters of salt solution were added to the 
precipitate, and the tubes were again centrifuged. After pour- 
ing off the salt solution, the washed precipitate, which was 
considered to be practically free from all but traces of the 
original Serum 894, was employed in the following manner: To 
each tube was added 2 ce. of salt solution, and the precipitate 
thoroughly shaken up with it. On June 14 the mixture in each 
tube was injected intraperitoneally into a guinea pig of about 
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300 grams weight. Four-days later each of these pigs received 
an intravenous injection of 0.5 ec. of horse serum. These details 
and the results are indicated in the following table: 


TABLE II 


Passive sensitization by washed precipitate 


WASHED PRECIPI- 
TATE OF SERUM 894, 


bce AND Gua GUINEA PIG HORSE SERUM SYMPTOMS 
SERUM 
in ae oh | MEN ooo SST mkt Tekan tee 
(1) 0.3 J 0.5 None 
(2) 0.15 2 0.5 Very mild 
(3) 0.05 33 0.5 Moderate 
(4) 0.02 4 0.5 Death immediate 


This table shows that a precipitate produced by the mixture 
of certain proportions of precipitinogen (horse serum) and pre- 
cipitin (Serum 894) was competent to produce very effective 
passive sensitization of the guinea pig. Precipitates produced 
by a larger proportion of the horse serum were found to be 
decreasingly effective, while the first animal of the series, which 
receives the precipitate from the mixture in which the propor- 
tion of horse serum to precipitin was the largest, failed to give 
any evidence of sensitization. 

In the preceding experiment 1.5 cc. of Serum 894 had been 
used, an amount which represented for this serum at least five 
sensitizing doses, as indicated by the preliminary sensitization 
tests previously detailed. In a second experiment the same 
serum was used in exactly the same manner, except that the 
amount was reduced to 0.5 ec. Horse serum was added in 
amounts proportional to those used before. The resulting pre- 
cipitates were washed and injected into guinea pigs, which were 
tested four days later by the intravenous injection of horse 
serum. The results were as follows: 


— 
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TABLE III 


Passive sensitization by washed precipitate 


SERUM 894, 0.5 


cc. AND HORSE GUINBA PIG HORSE SERUM RESULT 
SERUM 
Pi cc. ce 
(1) (Dal 1 0.3 No symptoms 
(2) 0.05 2 0.3 No symptoms 
(3) 0.018 3 0.3 No symptoms 
(4) 0.007 4 0.3 Severe symptoms (convul- 
sions) 


ee ————— 


These results indicate that not only the relative proportions 
of precipitin and precipitinogen, but also the absolute amount 
of precipitin, is a factor of importance in determining the ca- 
pacity of a precipitate to induce passive sensitization. 

The following table indicates a similar set of results, the 
minimal sensitizing dose of this rabbit serum being 0.5 cc. The 
processes in the series were exactly the same as those previously 
described. 


TABLE IV 


Passive sensitization by washed precipitate 


IMMUNE RABBIT 


sERUM 190 HORSE SERUM GUINEA PIG HORSE SERUM RESULTS 
ce. ce. cc 
2.0 0.2 1 0.3 No symptoms 
2.0 0.02 2 0.3 Moderate symptoms 
2.0 0.007 3 0.3 Very severe symptoms 
1.0 0.02 4 0.3 Very mild symptoms 
1.0 0.01 5 0.3 Very mild symptoms 
0.8 0.001 6 0.4 Very severe symptoms 
0.5 0.001 7 0.4 Moderate symptoms 


In spite of the fact that these results seemed fairly conclusive, 
it was deemed advisable to carry the experiment one step further. 
Horse serum is a mixture of a number of antigenic substances, 
albumins and globulins, and this is a factor which might possibly 
in some unknown manner vitiate the results of the experiment. 
Crystalline egg albumen, therefore, was prepared by Pinkuss’ 
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method, being precipitated from solution three times. For this 
material I am indebted to Dr. A. F. Coca. 

Experiment 2. Crystalline egg albumen was used to immunize 
rabbits 882 and 883. The serum of 882 sensitized guinea pigs 
passively in amounts of 0.1 ce., but not of 0.05 cc. The serum 
of 883 sensitized in amounts of 0.05 cc. Similarly, the pre- 
cipitation reactions with 5 per cent of crystalline egg albumen 
showed that 883 was considerably richer than 882 in precipitins. 
These sera were employed to make precipitates with graded 
amounts of crystalline egg albumen, as in Experiment 1. The 
precipitates, after being washed twice, were injected into a series 
of guinea pigs, which were tested three days later by the intra- 
venous injection of the egg albumen. The results are indicated 
in the following table: 

TABLE V 


Passive sensitization by washed precipitate 


CRYSTAL- mee 
IMMUNE SERUM erie PRECIPITATE |GUINEA PIG ALBUMEN | SYMPTONS 
cc. cc. cc. 
Serum 882: 
1 0.01 Slight 1 0.5 None 
(10 sens. doses) 
1 0.001 ++ 2 0.5 Death at once 
1 0.0001 Shght 3 0.5 None 
Serum 883: 
i 0.1 None or 
very 
shght 4 0.3 Moderate 
(20 sens. doses) 
1 0.01 +++ 5 OFS Death at once 
1 0.001 Soa 6 0.4 | Death at once 
1 0.0,001 a 7 0.4 Mild 
1 0.00,001 | Shght 8 0.4 | None 


The fourth line in this table represents the so-called prozone 
in which excess of precipitinogen inhibits precipitation. Here 
the entire contents of the tube were injected. 

A study of this table not only confirms, but very much 
strengthens the conclusions already reached. Precipitates pro- 
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duced by mixtures of precipitin and precipitinogen in proper 
proportions effectively sensitize guinea pigs passively towards 
the antigen. If a constant amount of immune serum be used, 
it is found that on each side of a zone of optimum proportions 
of antigen, lies a zone in which either an excess or a deficiency of 
antigen decreases the sensitizing value of the resulting precipi- 
tate. The explanation of this fact seems evident. An excess 
of antigen leads to incomplete precipitation of the antibody, part 
of which remains in solution, as in the prozone. A deficiency of 
antigen fails to carry down enough precipitate to sensitize. 
That this explanation is correct will be clear from the evidence 
submitted in a subsequent article. 

The objection may arise that the sensitizing substance although 
carried down by the precipitate is not actually identical with the 
precipitin. The association might conceivably be purely me- 
chanical, in other words the sensitizin might be carried down 
mechanically with the precipitate. In order to test this hypothe- 
sis, the following experiments were performed: One cubic centi- 
meter of the serum of a rabbit immunized against horse serum 
(S. 894) was added to two sensitizing doses (0.1 ec.) of Serum 
883 (rabbit versus egg albumen), and again to twenty sensitizing 
doses (1 ce.) of Serum 883. To each of these two mixtures 0.1 
ec. of horse serum was added. Heavy precipitation occurred, 
owing to the reaction between 894 and horse serum. The super- 
natant fluid of the first tube was injected into a guinea pig, which 
responded fatally two days later to the intravenous injection of 
egg albumen. This shows that no appreciable amount of the 
sensitizing substances in Serum 883 had been mechanically carried 
down in the precipitate. The second tube was centrifuged, and 
the washed precipitate injected into a guinea pig. This guinea 
pig, when tested four days later by the intravenous injection of 
egg albumen, displayed no symptoms. This, again, shows that 
the washed precipitate failed to carry the sensitizing substances 
of Serum 883. The reverse experiment, in which Serum 894 
was mixed with precipitating amounts of Serum 883 and egg 
albumen, had an identical outcome. Thus it seems clear that 
the mere act of precipitation does not mechanically carry down 
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the sensitizing substance. The conclusion seems unavoidable 
that the latter is identical with the precipitin. In any event, 
the burden of experimental proof certainly rests with those who 
might dispute this belief. 


It has not invariably been found possible to contrive the proportions 
of precipitinogen and precipitin so as to produce passive sensitization 
with the precipitate. Thus Serum 775 (rabbit versus horse serum), 
which had a high precipitating titer, and which sensitized guinea pigs 
passively in amounts of 0.1 cc. was tested in the following combinations, 
without success. 


TABLE VI 
WASHED PRE- | HORSE SERUM 
SERUM 775 HORSE SERUM | PRECIPITATE | CIPITATE INTO INTRAVE- SYMPTOMS 

GUINEA PIG NOUSLY 
ce. ce. co 
0:.5 0.5 + 1 0.5 None 
025 0.01 ++ \ 2 0.5 None 
0.5 0.002 + 3 0.5 None 
1.0 0.1 + 4 0.5 None 
1.0 0.01 alae 5 0.5 None 
NO 0.001 + 6 0.5 None 


The cause of failure with this particular serum is obscure, but was 
due, I believe, to the fineness of the precipitate, with consequent dis- 
sipation on washing. 


The mechanism of sensitization by precipitates is discussed in 
a separate study. 


SEPARATION OF THE PRECIPITATING FROM THE SENSITIZING 
FUNCTION 


The demonstration of identity between precipitin and sensi- 
tizin does not, however, entirely dispose of the problem which 
relates to this substance. It might naturally be assumed, as a 
consequence of this identity, that wherever precipitin can be 
shown to exist, sensitizin will be present, and vice versa. As 
a matter of fact, Doerr (3) in his excellent summary of anaphyl- 

axis in Kolle and Wassermann’s Handbook, makes the statement 
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that these two modes of action of an immune serum are simi- 
larly affected by a variety of agents. For example, he specifies 
the fact that both precipitin and sensitizin resist the action of 
heat at 56°. Unfortunately for the theory, however, these rela- 
tions are by no means as constant as might be inferred from 
Doerr’s statement. Thus I have found that heating an immune 
serum may practically destroy the precipitin, while leaving the 
sensitizin quite intact. This fact is illustrated in the following 
experiment. 

Experiment 8. Rabbit 775, highly immunized against horse 
serum, yielded a serum which passively sensitized a guinea pig 
of 300 grams in amounts of 0.1 cc. The precipitin tests showed 
that 0.1 ce. in 1 ee. of salt solution gave a distinct precipitate 
with 0.0001 of horse serum; with larger amounts of horse serum 
the precipitate was voluminous. One cubic centimeter of Serum 
775, added to nine parts of 0.8 per cent salt solution, was heated 
for one-half hour at 70°. Precipitin tests with 3 cc. of this 
heated mixture failed to give any reaction with either 0.1, 0.01, 
of 0.001 of horse serum, though the tubes were observed several 
days. That the mere dilution could not be held responsible 
for this result is abundantly proven by Experiment 6 of this 
paper. On the day following inactivation, five guinea pigs were 
given subcutaneous inoculations of the heated mixture, three 
receiving 1 cc. each, and the remaining two, each 2 cc. The 
former group had an amount corresponding to one sensitizing 
dose, while the latter received two. Two days later all the ani- 
mals were given intravenous injection of 0.5 ec. of horse serum. 
The first group showed symptoms of varying intensity, but none 
either had convulsions, or died. The two pigs in the second 
group, however, immediately died. 

The same experiment was repeated several times, with identi- 
cal results. Thus it seems that the serum contained sensitizin 
in only slightly diminished amount, or activity. In otherwords, 
heating at 70° had apparently destroyed the precipitin, but had 
only slightly affected the sensitizin. Apparently this fact demon- 
strates a striking difference between these two functions of the 
serum, and seems to argue for two separate substances, of which 
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one is thermolabile (precipitin), while the other is thermostable 
(sensitizin). It seems impossible at first sight to reconcile this 
observation with the fact that washed precipitate passively sensi- 
tizes guinea pigs. 

An explanation, however, is quite possible, in keeping with 
the data of immunology previously ascertained and accepted. 
It is well known, from the work of Eisenberg and others, that 
heated precipitin, although it has lost the power of precipitating 
in the presence of antigen, still retains the capacity of uniting 
actively with the latter substance. Hence it is usually described 
as precipitoid or precipitinoid. In the terms of Ehrlich’s hy- 
pothesis, it is said to have lost its ergophore or zymophore group, 
while it still retains its haptophore group. Now it is only 
necessary to assume that only the haptophore group need be 
present in order to sensitize a second animal passively. In 
offering this explanation, I wish simply to indicate the analogy 
of the new facts with those previously ascertained, without 
necessarily accepting the underlying theory. 

Anaphylaxis, according to the theory which I have been led 
by the observations of numerous experiments to support, con- 
sists essentially in the interaction between anchored, or cellular, 
antibody, and freshly introduced antigen. For this reaction to 
supervene, it may reasonably be supposed that only the pres- 
ence of the haptophore group of the antibody is necessary. In 
passive sensitization, the cells of the body appropriate the intro- 
duced antibody, and its characteristic haptophore group remains 
intact. With the injection of the specific antigen, the hapto- 
phore group of the cellular antibody seizes upon the latter, and 
as a result a cellular response, which constitutes the anaphy- 
lactic reaction, supervenes. Thus it becomes evident that the 
same immune substance may act either as precipitin or as sensi- 
tizin in its native state, whereas after heating it would lose the 
previous function, and retain only the latter. The effect of heat 
is, practically, to produce a new type of antibody which will sensi- 
tize while it does not precipitate. This fact suggests further 
reflections upon the identity of sensitizin and precipitin. It 
seems quite possible that the immunized animal may normally 


ss 
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produce antibodies of this same type, which have a haptophore, 
but no ergophore group. At present, one can only say that 
antibodies of this type do, indeed, occur; in fact this structure is 
supposed to be characteristic of the so called first order of anti- 
bodies of Ehrlich—the antitoxines. So far as is known, the 
latter have no sensitizing value, so that at present no sensitizing 
antibody without an ergophore group is known to exist normally. 
. There are certain other conditions under which it is possible 
to determine the presence of sensitizins, although precipitins 
can not be demonstrated. These observations are described in 
the following experiments. 

Experiment 4. It is a well known fact that precipitating sera 
that give a voluminous precipitate with certain concentrations 


TABLE VII 


SERUM 894, 0.1 cc. PRECIPITATE 
Horse serum, 0.01 cc...... spec NEL ALA os bata Nah A EF PID Ses a “ 
lOrseas GLUT OMEC Crees waite cis RP At ss nly sselsia Siete eel ABE ack Slight 


LOTS CESCHUMMM EG ORCCHEr rnin Stem een ee See ee I Nab Mn oe 8 — 


of the antigen, may fail to give any precipitate with still higher 
concentrations of the antigen. This zone of absent precipitin 
reaction is sometimes described as the prozone. Its significance 
is not entirely clear. Eisenberg (4) believed that the precipitin 
is soluble in an excess of precipitinogen; others have maintained 
that the union of precipitinogen with precipitin produces a pre- 
cipitate only when the latter factor is present in a certain excess. 
At all events, Eisenberg succeeded in demonstrating that the 
precipitin is firmly united to the precipitinogen in the fluid of 
the prozone. The limits of the prozone vary strikingly with 
various precipitinogens. In the case of horse serum, and of the 
serum of rabbits immunized thereto, the prozone may in some 
instances be manifest only when the antigen is present In excess 
of the antibody. 

The addition of further antigen to the prozone mixture natu- 
rally produces no precipitation. If the prozone mixture in the 
above instance be injected into a guinea pig, passive sensitiza- 
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tion is not induced, owing to the fact that the great excess of 
antigen desensitizes the animal. 

In the case of crystalline egg albumen, however, the relations 
as regards the prozone are entirely different, as shown by the 
following table: 


TABLE VIII 
SERUM 883, 1 cc. PRECIPITATE 
5 per cent crystalline egg albumen, 0.001 ce... 00. 22. 22. .: +4 
5 per cent crystalline egg albumen, 0.01 ce.........2.05.....0% 4- 


5 per cent crystalline egg albumen, 0.05 cc.................... _ 


Here the prozone is present in a combination in which the 
proportion of antigen to antibody is much lower than that shown 
in Table VII. Furthermore, experiment shows that 0.05 cc. of 
egg albumen does not completely desensitize a pig which has 
received 1 cc. of Serum 883. If, now, the prozone mixture here 
described be injected into a guinea pig, the latter becomes 
passively sensitized thereby, and after two days responds to an 
intravenous injection of antigen with marked and unmistakable 
anaphylactic symptoms, such as paralysis and dyspnoea, although 
death does not oceur. Here, then, is another instance in which 
a fluid apparently contains sensitizin, but no precipitin. 

Finally, one more illustration may be given of a condition in 
which a fluid may show no precipitin, although sensitizin is 
readily demonstrable. In this case the sodium carbonate ex- 
tract of a precipitate is the fluid to be studied. 

Experiment 5. In four separate tubes, 1 cc. of Serum 775 
(rabbit versus horse serum) was added to 0.1 cc. of horse serum. 
On the following day, the resulting precipitates were washed 
twice in salt solution. To the washed precipitate in each of the 
tubes was added 1 ec. of 1 per cent sodium carbonate in water, 
the mixture being gently shaken. These tubes were incubated 
for one-half hour at 40°, according to the method of Gay and 
Chickering. ‘The mixtures were then centrifuged and the super- 
natant fluid tested as follows: The supernatant fluid in two of 
the tubes were tested respectively against 0.01 and 0.001 of 
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horse serum, and failed to present any precipitation. The fluid 
from each of the other tubes was injected separately into two 
guinea pigs. Two days later these animals received an intra- 
venous injection of 0.5 ce. of horse serum; both died in anaphy- 
lactic convulsions. 

Here again it is clear that the so-called heat carbonate extract 
of the precipitate apparently possessed no precipitin, yet was 
amply supplied with sensitizin. The addition of fresh precipi- 
tin (Serum 775) to the heat carbonate extract produces a heavy 
precipitate. This demonstrates the presence of antigen (horse 
serum) in the extract. It might be assumed, therefore, that 
antigen and antibody are present in the extract in such propor- 
tions as to constitute a prozone. If this were the case, however, 
sensitization could not be induced, for the reason already given, 
namely that in the case of horse serum the prozone contains so 
much antigen as to preclude the possibility of passive sensitiza- 
tion. The constitution of the heat carbonate extract is not 
definitely known, but it seems clear that the antibody must be 
present in far larger proportion than in the prozone, while its 
precipitin, or zymophore, group, has been thrown out of action. 
The case is, therefore, analogous in some respects to the produc- 
tion of precipitoids by heat. 

Thus by three different methods it is possible to produce a 
fluid in which the specific precipitins are apparently lost, while 
the sensitizins remain intact. In each of these instances the 
facts indicate that the haptophore group of the precipitin remains 
in part or in whole available, while the zymophore group is either 
neutralized or destroyed. 

It remains to mention yet one more condition in which fluid 
containing precipitin shows marked diminution in its precipi- 
tating properties, while its sensitizing value remains intact. 
And this condition deserves special consideration, not only for 
the reason that it differs essentially in character from these 
already described, but also because it seems to offer a reasonable 
analogy with the conditions which may obtain during an infec- 
tious disease. Eisenberg, in his remarkable studies in precipi- 
tation, mentions the fact that exactly the same amounts of 
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precipitin and of precipitinogen which produce marked precipi- 
tation in the presence of relatively small amounts of a diluent, 
such as salt solution, fail completely to give a reaction when 
diluted with larger amounts. The following experiment illus- 
trates the bearing of this fact on the question at issue. 


Experiment 6. 


Serum 775 (rabbit Vs. Horse serum) 4.06, sete ee eens oe 0.1 - ce: 
Horse seruim:.220. ste ee tens 8 Ee aioe 0.01 ce. 
0.8 per: cent salt:solution. .. 4. <chs.-eAt-ee meee cere ones Seer iN) “Ge. 


Immediate flocculent precipitate. 


OT UT 7 leer aes Eke 9 RN eS codes Sty RPE By EES CIR pore 0.1 ce. 
ELOPSC -SOTUITI GE eee tee See epics ee oc, Mere Nn egy SPN eae 0.01 ce. 
OS per cenbisall soluitione nc 6 se ae ee ee eee ane 10:0" ‘ce: 


No precipitation after incubation for one hour. 

Complete precipitation after forty-eight hours in ice chest. 

Although I am unable to confirm Eisenberg’s belief that dilu- 
tion inhibits precipitation inasmuch as it merely delays it, never- 
theless within the ordinary limits of observation dilution would 
materially effect the results. 

Serum 775, 0.1 ce. in 1 ce. salt solution, injected into a guinea 
pig. Three days later this animal received an intravenous injec- 
tion of 0.5 ce. of horse serum. Immediate death. 

The same dose of Serum 775, diluted with 10 cc. of salt solu- 
tion, were injected into another guinea pig, of about the same 
size. The subsequent anaphylactic injection likewise produced 
immediate death. 

In this experiment it is evident that mere dilution of the anti- 
body serves markedly to delay precipitation of antigen. On the 
other hand, passive sensitization is in no wise affected by the 
dilution. The mechanism of the inhibition exerted by dilution 
upon precipitation is not entirely understood, but is believed 
to be physico-chemical in nature. Sensitization, however, de- 
pends simply on the absorption and appropriation of the anti- 
body by cells. 

The fact that precipitating antibody also possesses the func- 
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tion of passive sensitization, still leaves two questions open for 
discussion. In the first place, is all of the precipitating sub- 
stance identical with sensitizin, or does a part of it exercise a 
precipitating, but not a sensitizing function? This is a question 
which can be answered only indirectly. Doerr states that in 
immune rabbit’s serum the precipitating value is a reliable index 
of the sensitizing titer; in fact, he says the one can be predicted 
from the other. My own experience largely confirms this state- 
ment. On the theory of two different functions of precipitin, of 
which one alone exercises sensitizing functions, such parallelism 
seems almost impossible to explain. Moreover, there is no ex- 
perimental ground for assuming such a condition. It may, 
therefore, be accepted that all precipitating antibody is also 
sensitizin. The second question is the reverse of the above: 
Ts all sensitizmg antibody capable of producing precipitation. 
Taken strictly, this question is to be answered in the negative, 
- inasmuch as hemolysins may also act as sensitizins. There the 
lytic function appears to have replaced that of precipitation. 
But even on the broader basis it is probable that sensitizin may 
exist which entirely lacks an ergophore group. The fact that 
dissociation of precipitate in the test tube, as by sodium car- 
bonate, leads to the production of an antibody which has these 
properties naturally leads to the expectation that dissociation 
within the body might lead to similar results. But at the pres- 
ent time our knowledge on the subject is so fragmentary that 
it is wiser to forego further speculation. At all events, the pos- 
sibility of this factor should not be forgotten in considering the 
assertion that in some seva, especially in certain species, the 
sensitizin and the precipitin do not present parallel curves. 


SUMMARY OF EXPERIMENTS 
Identity of precipitin with sensitizin 


1. Precipitates produced by a combination of horse serum and 
of the serum of a rabbit immunized against horse serum induce 
passive sensitization towards horse serum when injected intra- 
peritoneally into a guinea pig. 
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2. The same results hold of precipitates produced by crystalline 
egg albumen and the serum of a rabbit immunized thereto. 

3. In order to be effective in inducing passive sensitization, 
precipitates must result from mixtures of antigen and antibody 
in which the proportions between the two factors do not vary 
outside of certain fairly wide limits. Marked relative excess or 
deficiency of either factor produces a precipitate which fails to 
sensitize passively. 

4. The sensitizing antibody is not merely adsorbed, or carried 
down mechanically with the precipitate. The precipitin is 
identical with the sensitizin. 


Relations between precipitating and sensitizing functions of 
the antibody 


5. If an immune serum be heated at 70° for half an hour, it 
loses its precipitating power, while its sensitizing value is but 
slightly impaired. 

6. The admixture of antigen in excess inhibits precipitation, 
but affects sensitization in much slighter degree. The prozone 
fluid affords a striking illustration of this fact. 

7. The heat carbonate extract sensitizes, but has no precipi- 
tating effect upon antigen. 

8. High dilution of the antibody may markedly delay the 
precipitin reaction, while not affecting passive sensitization. 

9. These data show that various agencies and conditions which 
inhibit precipitation may impair sensitization to only a moderate, 
or very slight degree. 


THEORETICAL CONCLUSIONS 


1. The precipitating substance of immune sera is competent 
to sensitize guinea pigs passively. In other words, precipitin 
is also sensitizin. It is conceivable, but improbable, that there 
may be a fraction of precipitin which lacks the sensitizing 
function. 

2. Antibody may be deprived of its precipitating function 
by heat without suffering a very material diminution in its 
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sensitizing value. This observation corresponds with the pre- 
viously known fact that “precipitoid,” or heated precipitin, has 
retained its combining power with antigen, although it has lost 
its precipitating power. The precipitating, or ergophore group, 
is said to be thermolabile; the sensitizing, or haptophore group, 
to be thermostable. 

3. Only the combining (or haptophore) group is essential to 
passive sensitization. Anaphylaxis there‘ore consists simply in 
the cellular reaction due to the fixation of antigen by cellular 
antibody. These new data therefore confirm and establish the 
theory of anaphylaxis supported in previous studies of this series. 

4. The fact that the coexistence of antigen in the same fluid 
may inhibit the precipitating power of antibody, while only 
partially interfering with the sensitizing function, as in the 
prozone experiments, may explain the divergence in the litera- 
ture between those who maintain that precipitin and sensitizin 
run parallel in immune sera and those who deny this relationship. 

5. The phenomenon which has been described as dissociation 
of the precipitate, which probably occurs within the body, 
and which may be imitated by various laboratory procedures, 
such as extraction by sodium carbonate, sets free antibody in 
a form which sensitizes passively but fails to give the precipitin 
reaction. Such a factor, likewise, would upset the normal 
parallelism between sensitizin and precipitin. 

6. The foregoing consideration may serve to explain the fact 
that the presence of antibodies may be demonstrated by means 
of passive sensitization in spite of the fact that the test tube 
reactions, such as agglutination and precipitation, prove ineffec- 
tive. In infectious disease the co-existence of the antigen (the 
infectious agent or its product) in the blood might be expected 
to produce this result. 


The terms ergophore and haptophore group in this paper 
are used merely as a convenient mode of expression, and without 
any theoretical implication. 
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INTRODUCTION 


Interest in the equilibrium of precipitation reactions is now 
about fifteen years old, and dates from certain observations made 
in 1902 by Linossier and Lemoine, and by Eisenberg. Linos- 
sier and Lemoine (9) mixed antigen and precipitin in the test- 
tube, and, after removing the resulting precipitate, again tested 
the supernatant fluid for the presence of each factor. For ex- 
ample, horse serum, and the serum of a rabbit immunized there- 
to, were mixed in various proportions; the supernatant fluids 
in each tube were then divided into two equal portions, and to 
the one was added horse serum, and to the other the immune 
rabbit serum. If precipitation resulted in the former, it indicated 
the presence of remnants of precipitin; if in the latter, it 
showed that a fraction of the original horse serum still remained 
in the supernatant fluid. As a matter of fact, Eisenberg (6, 7) 
found that both substances could practically always be dem- 
onstrated. He summarized this observation in the following 
words: 


In every precipitin reaction, in addition to the reaction product, 
the precipitate, a fraction of each of the reagents is demonstrable in 
the supernatant fluid. These reactive substances coexist in the fluid 
without combining (‘‘reaktionslos”). In accordance with a general 
law of chemistry, an equilibrium has become established between the 
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two components of the system, and only by the addition of fresh incre- 
ments of either reagent can this equilibrium be disturbed, leading to 
a renewal of the reaction. An excess of either factor in the original 
mixture may reduce the amount of the other which persists in the super- 
natant fluid to a minute remnant, yet by proper methods even that 
remnant can be detected. 


These observations have been amply confirmed by subsequent 
workers. 

From the phenomena above described, the deduction was drawn 
that precipitating antibody and antigen may coexist both in 
the test-tube, and in the blood of immunized animals, without 
entering into combination, and without undergoing precipitation. 
This inference has been seriously questioned by von Dungern 
(4). In the first place, he repeated the experiment of Eisenberg, 
using as antigen the blood plasma of various crustacea and mol- 
luses; the antibody was furnished by an immune rabbit serum. 
Over a long series of tests, he found that the supernatant fluid, 
after removal of the precipitate, could hardly ever be shown 
to contain both antigen and antibody, provided that the tests 
were made with the same stock of antigen and antibody as en- 
tered into the original reaction. This certainly destroys the 
universality of Eisenberg’s law, and leads to the quest for some 
special factor to explain his results. This factor v. Dungern 
supplies in his theory of a multiplicity of antigens in the same 
antigenic serum. According to this view, horse serum must 
be regarded not as a single substance, but as a complex of sub- 
stances, some of which are probably rapid and active stimula- 
tors of antibody formation, while others are the reverse. The 
serum of an immune rabbit, therefore, would contain many anti- 
bodies to a certain component of horse serum (partial antigen 
I), and but few to a second (partial antigen II). If the horse 
serum is mixed with the immune serum, it will be very likely 
to happen that antibody I may be in excess, so that after pre- 
cipitation of all of its own antigen, part of it still remains in the 
supernatant fluid. On the other hand, the reverse may be true 
of antibody II, so that in this instance part of antigen II re- 
mains in the supernatant fluid. On this assumption, the addi- 
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tion either of fresh horse serum or of fresh antibody would pro- 
duce additional precipitation. Thus, it is quite clear that the 
phenomenon observed by Eisenberg is susceptible of an en- 
tirely different interpretation from his own, and that it is not 
necessary to conclude that antigen and homologous antibody 
coexist in the supernatant fluid after precipitation. The fact 
that such a multiplicity of antigens does exist in the same anti- 
genic serum is in itself unquestionable. Coca and I (11) found 
that if egg albumin and egg globulin were separated by chemi- 
cal means, and different rabbits were immunized to each sub- 
stance, the resulting immune sera reacted powerfully each with 
its own antigen, and very weakly with the other antigen. As- 
coli (1) reached asimilar conclusion. The fact that von Dungern’s 
reactions resulted so differently from Eisenberg’s is possibly 
attributable to the fact that the antigens employed by the for- 
mer were fairly simple in their constitution. 

In the same paper, von Dungern (4) recorded the observation 
that two antisera to the same antigen might precipitate when 
mixed, a fact which has been repeatedly confirmed, notably by 
Uhlenhuth and Weidanz (10). This observation of v. Dungern’s 
may be illustrated as follows. Two rabbits are immunized 
by an identical series of injections against horse serum, the one 
being bled five days after the last injection of antigen, and the 
other ten days. The first rabbit yields a serum which gives a 
distinct precipitate when added to dilutions of horse serum; in 
other words, it contains precipitin for horse serum. The serum 
of the second rabbit, we will assume, gives a considerably higher 
titer for precipitins than the first. Moreover, if added to the 
first serum, it will produce a precipitate therewith; this fact is 
taken to demonstrate the presence of precipitinogen, of remnants 
of horse serum, in the serum of the first rabbit. In other words, 
the serum of the first rabbit has been shown to contain not alone 
precipitin, but also remnants of antigen, and these two substances, 
although possessing ordinarily a high degree of affinity for one 
another, are here supposed to exist side by side in the immune 
serum in ununited, unprecipitated form. Von Dungern inter- 
preted this phenomenon in the same terms as the test tube 
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phenomenon, ascribing it to the presence of multiple antigens. 
By others, however, including Uhlenhuth (10), the theory of 
equilibrium between antigen and antibody was invoked in ex- 
planation, just as Eisenberg had invoked it for the test tube 
reactions. 

Gay and Rusk (5) observed the fact that if horse serum were 
injected into a rabbit immunized thereto, both antigen and anti- 
body could be demonstrated in the blood of the animal for a ° 
short period of time. This experiment presents the same con- 
ditions and the same problems as those already described. 

There is only one additional fact of interest which has been 
added to these already described. Uhlenhuth (10) states that in 
immune sera the phenomenon of auto-precipitation may at times 
occur. Auto-precipitation denotes the spontaneous formation 
of a precipitate in an immune serum, andit might be interpreted 
to mean that the ununited antigen and antibody had gradually 
combined, leading to the formation of a precipitate. Such a 
conclusion, however, is not necessarily correct. As Uhlenhuth 
has himself pointed out, normal sera also not infrequently present 
auto-precipitation, and in this instance there can be no question 
of a union between antigen and antibody. Zinsser and Young 
(13) attempted to prove that auto-precipitates In immune sera 
were antigen-antibody complexes, by showing that they fix 
complement. Unfortunately, the spontaneous precipitates of 
normal sera also fix or absorb complement, as I have found in 
three such precipitates which I studied. There is at present no 
argument, and no experimental evidence, which would lead one 
to accept as satisfactorily proven either the theory of Eisenberg 
or that of von Dungern. In view of this situation, it seems 
almost superfluous to examine into the explanations which have 
been advanced to account for the supposed coexistence of anti- 
gen and antibody in the same fluid. Zinsser (12) criticises the 
analogy of mass action and equilibrium, as advanced by Eisen- 
berg, on the ground that “‘it has not been experimentally shown 
that colloidal substances react in accordance with the laws 
of mass action as observed for simpler chemical substances.” 
He then attempts to establish the fact that antigen and antibody 
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do actually coexist, by showing that a third colloid, such as 
gum arabic, may serve to prevent the interaction of two mutually 
precipitating colloids, such as gelatin and arsenic trisulphide. 
In Zinsser’s own words, it may certainly be said that it has not 
been shown that antigen and antibody react according to the 
laws governing such colloids as arsenic sulphide, and so forth. 
Indeed, Ehrlich (5) himself protested most vigorously against 
arguments based on this type of analogy, and Bordet (2), per- 
haps the most successful of those who have pursued this line 
of thought, specifically states in his last general critique that 
“although it is very probable that antibodies are really colloids, 
we cannot with certainty say as much of the antigens.” 

After all, however, the problem cannot be settled by analo- 
gies; it is essentially a matter in which only a demonstration of 
the facts will put an end to the present divergence of opinion. 

Before passing to the experimental part of this paper, it may 
not be amiss to say a further word concerning auto-precipitation. 
It is, indeed, true that freshly drawn immune serum may present 
precipitation within a period of seventy-two hours, and it is 
very likely that this precipitation is due to the union of antigen 
and antibody. The cells of the body are constantly discharging 
antibodies into the circulation, and until all the circulating 
antigen is neutralized, each fresh increment of antibody will 
gradually unite with a fraction of antigen. But it is not to be 
supposed that this union is instantaneous. Everyone who has 
watched precipitation reactions, especially if performed in high 
dilution, is aware of the fact that some of the precipitate forms 
instantaneously, while the rest of it may gradually accumulate 
over a period of several hours. Indeed, Miiller has divided 
precipitins into those of high and of low avidity. It is to be 
expected that part of the antibody which entered the blood just 
prior to bleeding, may have a low avidity, and may not enter 
into combination with antigen for several hours, or even days, 
after drawing. This, however, is not what is meant by the 
coexistence of antigen and antibody. The phenomena observed 
by Linossier and Lemoine and by Eisenberg are not diminished 
in intensity by prolonged keeping of the serums or of the super- 
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natant fluids which enter into these reactions. In other words, 
the antigen and the antibody, if such they be, remain perma- 
nently disunited. Unfortunately, this very important distinc- 
tion has not always been recognized in the literature. The 
distinction may be grasped from the following illustration. 
If a rabbit is bled four or five days after receiving a large dose 
of antigen, auto-precipitation may at once begin, and may con- 
tinue for two or three days. This phenomenon represents the 
union of ununited antibody with the antigen in the blood. After 
three days, however, this process is at an end. For an indefinite 
period, however, it is still possible to carry out the experiment 
previously described, namely, to demonstrate the presence of 
antigen in the serum by the addition of an homologous antiserum 
of a stil higher titer. The problem at issue is not concerned 
with the immediate auto-precipitation, the significance of which 
is hardly open to doubt. It is concerned with the character 
of the antigen and antibody which persist in the serum, side by 
side, for an indefinite period. The question remains: Are these 
two substances related as specific antigen and antibody, or as 
antigen I and antibody II? 


EXPERIMENTAL STUDIES 


The observations of Eisenberg were made with horse serum 
and with the serum of rabbits immunized thereto. In view of 
the fact that his paper presents no tables of his results, it seemed 
advisable to repeat his experiment. The horse serum and rabbit 
serum were mixed in varying proportions, and after twenty-four 
or forty-eight hours the resulting precipitate was removed by 
centrifugation. The following tables represent the precipita- 
tion obtained in testing portions of the supernatant fluid by the 
addition respectively, of antigen and antibody. In making the 
latter tests, a portion of the supernatant fluid was regularly kept 
as a control. 

The experiments were carried out with three different immune 
sera, and the conditions were quantitatively so varied, as to 
test the truth of Eisenberg’s observation over a wide range of 
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conditions. The tables demonstrate a remarkable uniformity 
in the results obtained. In the first place, they show a wide 
mid-zone; here, the mixture of antigen and antibody yields a 


TABLE I 


Horse serum as precipitinogen 


PRECIPITATE 


SERUM 894 SUPERNATANT FLUID 

RABBIT VERSUS HORSE SERUM Ss can 

ORS Ree UM HOURS +0.01 ec. horse serum +0.1 serum 894 
ce ce. 
0.15 0.03 ++ No precipitation ++ 
0.15 0.015 aoa Slight te 
0.15 0.005 ae si anu 
0.15 0.002 =e aPSe Slight 

TABLE ITI 


Horse serum as preciprtinogen 


BERUM 802 PRECIPITATE SUPERNATANT FLUID 
RAEBIT VERSUS HORSE SERUM si mel ais 
HORSE SERUM Sana + 0.01 ce. + 0 25 cc. 
horse serum serum 802 
ce. ce. 
1 0.2 +4+tH - ++ 
1 0.1 +++ = oo 
1 0.05 fat Slight 4. 
1 0.01 + + + 
TABLE III 
Horse serum as precipitinogen 
Pp 
BERUM 775 PRECIPITATE SUPERNATANT FLUID 
AFTER 
RABBIT VERSUS HORSE SERUM 
HORSE SERUM ciaoei st ea + 0.1 ce. + 1ee. 
OURS: horse serum serum 775 
cc. ec 
1 0.01 ++ ae + 
1 0.1 + + bt 


supernatant fluid which contains both antigen and antibody. 
Second, they show a prozone, in which a relative excess of antigen 
in the original mixtures yields a supernatant fluid containing 
antigen, but no antibody. Third, they show a postzone, in which 
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relative excess of antibody in the original mixtures yields a 
supernatant fluid containing antibody and only traces of antigen. 
Thus, although Eisenberg’s contention is, in the main, confirmed, 
it does not appear to be accurately correct to state, as he does, 
that no matter what the proportions of reagents in the original 
mixture, it is always possible to demonstrate traces of both of 
them in the supernatant fluid. This emendation, however, does 
not materially affect the significance of the observation, nor its 
apparent conformity with the laws of mass action. It is also 
of interest to note that the supernatant fluids did not change 
their reactions even if kept for a week before making the final 
tests; nor did they in the interval present any further precipi- 
tation. In other words, the equilibrium established between 
antigen and antibody appears to be permanent. 

The next step in the analysis was an attempt to arrive at some 
means of explaining this phenomenon. According to von Dun- 
gern’s theory, the antigen and the antibody in the supernatant 
fluid are only accidentally associated, but are not related as 
specific antigen and antibody. In order to test this view, it 
seemed essential to secure a homogeneous, chemically pure pro- 
tein, and to make use of this as antigen. Such a substance is 
available in the form of crystalline egg albumen, and this was 
therefore selected for the experiment. It was kindly prepared 
for me by Dr. Coca by Pinkuss’ method. By way of pre- 
liminary, however, Eisenberg’s experiment was also carried out 
with raw egg albumen and the serum of a rabbit immunized 
thereto. The results are shown in Table IV. 


TABLE IV 


Raw egg albumen as precipitinogen 


PRECIPITATE SUPERNATANT FLUID 
miesiraae 3), Tees | re 
RAW EGG ALBUMEN aa Se Snaie + 0.005 ec. + 0.5 ee. 
raw egg albumen serum 13 
cc: ce. 
0.5 0.1 laste = slight 
0.5 0.01 z nL slight a 
0.5 0.001 sear slight == 
0.5 0.0001 slight + ao 
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The results are entirely similar to those obtained in the pre- 
ceding experiments. 

In order to obtain a precipitin for crystalline egg albumen, 
this substance was given to rabbits in a series of intravenous 
injections. Five rabbits were employed for this purpose. The 
resulting antiserum was, in every instance, very high, although 
the titer of the five sera varied considerably. The best serum 
was yielded by Rabbit 883. The precipitation values of this 
serum may be judged from the following table: 


TABLE V 


Crystalline egg albumen: Titer of antiserum 


5 PER CENT CRYSTALLINE 


SERUM 883 re Anas PRECIPITATION 
ce. 
1 0.1 very slight (prozone) 
0.01 +++ 
0.001 ++ 
0.0001 oF 
0.000001 slight 
0.5 0.1 — 
0.01 =f 
0.001 siealaeate 
0.1 0.01 slight 
0.001 ar 
0.0001 slight 


0.00001 = 


This table shows that 1 ce. of the serum gave marked pre- 
cipitation with 1/10,000 ec. of 5 per cent eggalbumen. The 
serum sensitized guinea pigs of 250 grams weight, in amounts 
of 0.05 cc. so that the subsequent intravenous injection of 0.0001 
ec. of the egg albumen produced immediate death. With this 
serum an experiment in equilibrium was carried out in the 
manner summarized in Table VI. 

The table at once reveals a striking difference from the result 
obtaining in all the previous experiments. In no test does the 
supernatant fluid appear as giving a reaction for both antigen 
and antibody. Where the one is present, the other is absent. 

At the time that these experiment were made, I was entirely 
convinced that von Dungern’s explanation was incorrect, and I 
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TABLE VI 
Crystalline egg albumen as precipitinogen 


SUPERNATANT FLUID 
5 PER CENT 
5 YSTALLINE RE 
SERUM 883 CRiS' EGG PRECIPITATE + 0.001 


ALBUMEN + 0.5 cc. 
spercentgrvatal:| serum ast 
Cc. 
i OSL very slight - +--+ 
0.01 aieieoa = ae 
0.001 ++ + = 
0.0001 + +--+ _ 
0.00001 slight clans = 


therefore carried the tests still further, believing that a proper 
mixture of the two substances could not fail to reveal a state 
of equilbrium. The table shows that such a mixture would 
have to contain an amount of antigen lying somewhere between 
0.01 cc. and 0.001 cc. Such mixtures were therefore prepared, 
and the supernatant fluid tested as before. The results are shown 
in Table VII. 


TABLE VII 
Crystalline egg albumen as precipitinogen 


SUPERNATANT FLUID 
5 PER CENT 
SERUM 883 CRYSTALLINE EGG PRECIPITATE + 0.001 


+ 0.5 
ne B per gent crystal | is artim 633 
Ce. 
1 0.006 ate = | + 
0 005 ae = + 
0.004 ++ | | - 
0.003 ane + | = 


The result of this test is again the same. The amounts of 
antibody in the original mixture were now varied. The exami- 
nation of the supernatant fluid was elaborated to such an extent 
that it was tested against three different amounts of antigen and 
antibody, respectively. All of these attempts ended in failure. 
By no possible manipulation of the reagents could it be shown 
that antigen and antibody ever coexisted in the fluids. 
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The same methods of study were applied to the other rabbit 
sera immunized against egg albumen. The results, however, were 
uniformly the same. 

Thus, the conclusion was drawn that when a chemically pure 
antigen is used, results of the type described by Eisenberg are 
not obtainable. In other words, antigen and antibody, in this 
case, cannot coexist without uniting to form precipitate, and this 
union goes on to the complete exhaustion of either component, 
leaving an excess of the other alone in the supernatant fluid. 
This conclusion seems to vindicate von Dungern’s theory, and 
to show that Eisenberg’s experiment demonstrates only the 
coexistence of unre'ated antigen and antibody, but not of homolo- 
gous substances. This view, furthermore, is strongly supported 
by an additional set of experiments, carried out in the following 
manner. Assuming it to be true that raw egg albumen is com- 
posed of a number of antigens, of which the substance repre- 
sented by crystalline egg albumen is one, it ought to be possible 
to exhaust all of its content in crystalline egg albumen by adding 
an excess of the antiserum to that particular component. The 
removal of the resulting precipitate should leave a supernatant 
fluid which would give no further precipitation upon the further 
addition of the same antiserum, for the reason that its antigen 
has been completely precipitated out. On the other hand, if 
it is true that raw egg albumen contains the additional antigens 
postulated by the theory, it ought to be possible to produce 
further precipitation in the supernatant fluid of the experiment 
above described, by adding an antiserum against raw egg albu- 
men, for such an antiserum should contain antibodies to several 
or all of the component antigens. If the experiment produces a 
result in comformity with the plan above described, it would 
seem impossible to escape the theory of a multiplicity of antigens 
and antibodies, when raw substances, such as horse serum or 
egg albumen are employed in the immunological experiment. Asa 
matter of fact, the experiment resulted exactly as the forecast 
suggests. 


Experiment. To 0.002 of native egg albumen was added 2 ce. of 
Serum 775, from a rabbit highly immunized against crystalline egg 
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albumen; salt solution was addedup to4 ce. After incubation for twen- 
ty-four hours, the supernatant fluid was divided into four parts, and 
tested as follows: To the four tubes were added, respectively, erystal- 
line egg albumen, Serum 775, raw egg albumen, and Serum 13 of a 
rabbit highly immunized against raw egg albumen. Crystalline egg 
albumen gave a heavy precipitate; Serum 775 gave no precipitate; 
Serum 13, and raw egg albumen both gave good precipitates. 


An interpretation of these results is possible only on the theory 
of multiple antigens in raw egg albumen, and of multiple anti- 
bodies in the corresponding antiserum. The further addition 
of Serum 775 gave a negative result for the reason that no more 
crystalline egg albumen remained in the fluid. Serum 13 gave 
a positive result because the fluid: still contained other partial 
antigens, like ovoglobulin or ovomucin, and Serum 13 has anti- 
bodies in greater or less degree to all of these partial antigens. 
Crystalline egg albumen and raw egg albumen both gave a pre- 
cipitate for the reason that an excess of Serum 775 remains in 
the supernatant fluid, which naturally precipitates with the 
purified egg albumen, and with the corresponding constituent 
of raw egg albumen. 

The converse of this experiment was also performed. If crys- 
talline egg albumen is added in excess to Serum 13, a precipitate 
results. The supernatant fluid no longer reacts withcrystalline 
egg albumen, but gives a heavy precipitate with raw egg albumen. 
Moreover, the addition of Serum 775 and of Serum 13 is also 
positive. As the previous experiment was designed to demon- 
strate multiple antigens in native egg albumen, this experiment 
reveals the presence of multiple antibodies in the corresponding 
antiserum, Serum 13. 

Thus, the contention of v. Dungern that Eisenberg’s results 
are due simply to a multiplicity of antigens, seems to be amply 
sustained. It still remains to determine whether the mutual 
precipitation of immune sera, as originally described by von 
Dungern, is also to be explained upon the same basis. It is 
conceivable that the conditions present in the circulating blood 
might hinder the combination of precipitin with precipitinogen, 
and so permit them to circulate together without uniting. Zinsser 
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and Young (13) have suggested that the blood might act as a 
‘protective colloid,” and so prevent precipitation. In order to 
put this belief to the test of fact, the following experiment was 
devised. 


Experiment. Crystalline egg albumen, 0.001 cc., was added to 
each of three test-tubes, containing respectively, 1 cc. of salt solution, 
1 cc. of normal guinea-pig serum, and 1 cc. of normal rabbit serum. 
The tubes were well shaken, and then 1 ce. of Serum 799 added to each. 
After twenty-four hours, the resulting precipitate was removed by cen- 
trifugation, and the supernatant fluids tested by the addition of iden- 
tical amounts of antigen or antibody. The addition of serum was 
found to have produced no change in the results; in the case of none 
of the fluids were both reactions positive. The same experiment was 
repeated, using 4 cc. of the diluents instead of 1 cc. The results, 
however, were the same. Thus, as shown by these experiments, it 
seems certain that in the test-tube, at least, no such thing exists as a 
protective colloidal action. These results are shown in Table VIII. 


TABLE VIII 
Protective colloid tested 


SUPERNATANT FLUID 


0.001 cc. EGG ALBUMEN (CRYSTALLINE) CTE 


1 cc. SERUM + 0.001 ce. a ic 


egg albumen serum 799 
HECOMS Al GHSONLGION!. thse citee rece tom: Tesla ++ _ + 
Mice veined pig BETUM). «56 1,262.) foacee +--+ _ + 
Hecomrab bit SCLUIM seis cic ie stereos ++ — 4+ 
PECCHSALGISOLUGION! nice sic sie ei sccee elects nce sere ++. — + 
AWConeIINes Pig SCTUM:. 0/6/02 6 eee ele we ++ — + 
AECL Dit SEBUM st -(aeisirsidecietnn ie alonerede ++ oa + 


The theory of protective colloidal action appears, therefore, 
to lack substantiation, and to afford an illustration of the danger 
of arguments based on the analogy of colloid chemistry. Indeed, 
Buxton and Teague (3) at the close of one of the most elaborate 
studies of colloidal flocculation that exists, expressly utter a 
warning against the premature application of the data of this 
field of study to the reactions of immunology and point out 
particularly the difference in the protective action of a third 
colloid. 
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The study of the blood itself affords striking support to the 
view that the apparent coexistence of precipitin and precipi- 
tinogen is illusory. In the case of rabbits immunized against 
horse serum, it is a simple matter to produce precipitation by 
mixing the various sera. The same is true of sera derived from 
rabbits immunized against raw egg albumen. In a long series 
of trials, however, | have never achieved this result by mixing 
sera derived from rabbits injected with crystalline egg albumen. 
There seems to be only one explanation available for this fact. 
In the latter case, there is a homogeneous antigen which is pre- 
cipitated out of the blood by an excess of homogeneous anti- 
body. In the former, however, the blood of one rabbit may 
contain precipitin to antigen I, and, at the same time, antigen 
II may not yet have been neutralized by the antibody production 
of the animal; in a second animal, these conditions may be 
reversed, giving antigen I and antibody II together in the blood; 
naturally the mixture of two such sera will give precipitation. 

All of the experiments lead, therefore, to but one result. 
Under no conditions can precipitin and precipitinogen exist in 
the same fluid without undergoing union, and producing pre- 
cipitation. It is, indeed, true that precipitation can be some- 
what delayed by very high dilution of the reactive substances, 
but within a measurably brief period of time the reaction never- 
theless goes on to completion. In the light of these results, it 
is fair to conclude that instances of the apparent coexistence 
of antigen and antibody, as illustrated by certain experiments 
in the literature, are actually to be explained upon an altogether 
different basis, namely, the multiplicity of antigens. 


SUMMARY OF EXPERIMENTS 


1. When horse serum is mixed in proper proportions with the 
serum of a rabbit immunized thereto, and the resulting preci i- 
tate is removed by centrifugation, the supernatant fluid is found 
to contain both antigen and antibody, in confirmation of Eisen- 
berg’s observations. 

2. The same results are obtained with raw egg albumen and 
the serum of a rabbit immunized thereto. 
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3. When purified crystalline egg albumen is used as antigen, 
however, the results are entirely different. If this antigen is 
mixed in graded proportions with the serum of a rabbit immunized 
thereto, and the resulting precipitates are removed by centrifu- 
gation, the supernatant fluid never contains both antigen and 
antibody; either one is present alone. 

4. It is shown by absorption experiments, using crystalline 
egg albumen, raw egg albumen, and their respective antisera 
as factors, that raw egg albumen contains more than one antigen, 
and that the antiserum thereto correspondingly contains more 
than one antibody. 

5. Protective action by a third colloid, preventing complete 
interaction of antigen and antibody, has not been demonstrable 
in the experiments. 

6. It has not been found possible to induce cross-precipitation 


_by mixing the sera of different rabbits immunized against erys- 


talline egg albumen. This succeeds, however, when raw egg 
albumen is the antigen. 


THEORETICAL CONCLUSIONS 


1. Antigen and precipitating antibody do not coexist in the 
same fluid without undergoing union and precipitation. The 
theory that they do so coexist, is fallacious, and is based on the 
use of a mixed antigenic substance, such as horse serum, which 
actually contains numerous separate antigenic substances. Simi- 
larly, the observation that two similar antisera may give a pre- 
cipitate when mixed, is due to the fallacy involved in the use of 
a mixed antigen. Von Dungern’s hypothetical analysis of these 
two phenomena is thus experimentally sustained. Although a 
third colloid may be effective in preventing the complete union 
of two mutually precipitating colloids of the character of arsenic 
trisulfid and gelatin, this condition is not demonstrable in the 
case of antigen and precipitating antibody. These substances 
appear to react according to laws proper to themselves, which 
must be empirically ascertained, and their mode of interaction 


‘cannot be foretold by analogy either with the laws of mass action 


or of colloidal chemistry. 
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INTRODUCTION 


As regards the composition of the precipitate, a great deal has 
been written, and there has been considerable discussion as to 
whether it is composed wholly of precipitinogen, or wholly of 
precipitin, or in part of both. That the last named is the cor- 
rect view of its composition will, I think, be evident from a 
large number of experiments included in the present study. 
In order to establish this fact at the outset, however, the follow- 
ing experiment is inserted: 


Experiment. To 1 ce. of Serum 894, rabbit versus horse serum, is 
added 0.02 cc. of horse serum. The resulting precipitate is thoroughly 
washed, and is then injected intraperitoneally into a guinea pig. Four 
animals are prepared in this manner. After four days, two of these 
pigs are given an intravenous injection of 0.5 ce. of horse serum. Both 
die in anaphylactic convulsions. This demonstrates by the method 
of passive sensitization the presence of rabbit-versus-horse antibodies 
in the precipitate. The other pigs are injected with horse serum, after 
an interval of six weeks, and die in convulsions. In view of the fact 
that passive sensitization never persists beyond a period of two weeks, 
these last two reactions can result only from active sensitization to- 
wards horse serum. It is inferred, therefore, that horse serum persists 
in the precipitate. Thus, the precipitate is shown to contain both 
antigen and antibody. 
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The condition of equilibrium in which these two constituents 
of the precipitate exist has been the subject of some study. 
Eisenberg found that the antigen was in an unsaturated condi- 
tion, whereas antibody was always saturated. This is a prob- 
lem which can best be approached after the data on dissociation 
of the precipitate have been discussed. 

By dissociation is meant the disruption of the antigen-anti- 
body complex. Such a complex may be composed of toxin and 
antitoxin; or of precipitinogen and precipitin in the form of pre- 
cipitate; or of agglutinin plus agglutinable substance; or of 
hemolysin fixed by red blood cells. Each of these modes of dis- 
sociation has been the subject of experimental study. The 
application of this study to the present problem is two fold. 
It has an important bearing, in the first place, on the theoretical 
aspects of equilibrium in immunology. In the second place, it 
applies directly to the fact that animals may be passively sensi- 
tized with precipitate, suggesting that perhaps within the body 
the sensitizin is split off from the precipitate, and becomes avail- 
able for a fresh combination. Finally, from the therapeutic side, 
the recent work of Chickering indicates that the dissociative 
treatment of precipitates may prove to be of value in the prepa- 
ration of therapeutic sera. 

In the case of toxin-antitoxin mixtures, very thorough studies 
by Sachs and others have shown that the complex can be split 
by heat or chemical measures, yielding both fractions in demon- 
strable form. The dissociation of hemolysin from red blood cells 
was studied by Muir, Bordet (1) and others. Muir (4) found 
that the addition of fresh salt solution to red cells saturated with 
hemolytic amboceptor sufficed to set free a small part of the 
antibody. If fresh red cells are added, the dissociation is much 
greater. The same result has been accomplished in the case of 
agglutinated bacteria by Landsteiner (3). One of the most in- 
teresting features of all this work is the fact that the dissociated 
antibody appears to retain its original functions: it is still cap- 
able of neutralizing toxin, or of hemolyzing red cells, or of agglu- 
tinating bacteria. In my own experiments, as will subsequently 
appear, the dissociated antibody does, indeed, retain its. com- 
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bining affinity for the antigen, but has completely lost the asso- 
ciated function of producing precipitation. In the Ehrlich ter- 
minology, it has kept its haptophore group, but has lost its 
ergophore group. This divergence, however is more striking 
in the case of dissociated agglutinin than of dissociated hemolysin, 
for the reason that the hemolytic function of the attached anti- 
body is intentionally restrained in the first stage of the experi- 
ment through absence of complement. If complement be added, 
as Bordet showed, the hemolyzed cells do not give up an effective 
hemolysin. 

Dissociation of precipitin from the precipitate has recently 
been carefully studied by Chickering (2). He prepared an 
extract of the pneumococcus, which he then exposed to the 
action of an antipneumococcus serum. A precipitate was pro- 
duced. ‘This precipitate was treated in various ways, such as 
extraction by salt solution, or a 1 per cent solution of sodium 
carbonate, at a temperature of 40°. The carbonate extract was 
found to contain agglutinin, precipitin, and protective antibody 
in amounts which indicated that it had been extracted almost 
to completion. Chickering tested the extract for precipitinogen 
and found that none could be demonstrated. 

The present study was based primarily on the observation 
that a guinea pig can be either actively or passively sensitized 
by means of a precipitate. Hence, it seemed likely that in the 
living body both factors are dissociable. 


METHODS 


The methods employed for extraction consisted in the exposure 
of the precipitate to the action of various fluid, such as salt solu- 
tion, sodium carbonate solution, trypsin, and a suspension of 
leucocytes. The determination of the presence of the precipi- 
tinogen in the extract offered no difficulty, inasmuch as it could 
easily be reprecipitated by the addition of fresh precipitin. The 
demonstration of precipitin in the extract was not so simple. In 
Chickering’s experiments this was evidently accomplished with- 
out difficulty simply by the addition of precipitinogen, which 
again yields a precipitate. In my own experiments, however, 
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this method has regularly and invariably failed to give a posi- 
tive result. Hence, it became necessary to attempt the demon- 
stration of the dissociated antibody by other means, namely, 
the method of passive sensitization. In a previous paper it 
was shown that precipitin may become so changed that it loses 
its precipitating function, while still retaining its sensitizing 
power. It was surmised that such might be the case in disso- 
ciation, and the outcome of the experiments has amply justified 
this expectation. 

It is interesting, in this connection, to contrast the result of 
experiments calculated to determine the presence both of pre- 
cipitin and of sensitizin in the supernatant fluid remaining after 
a precipitate has been removed. These experiments yield quanti- 
tatively parallel data for these two substances, or rather for these 
two functions of the antibody. The fact that the extract of 
the precipitate sensitizes effectively, but does not precipitate, is 
due to the dissociation of antibody in a form which, to use the 
current terminology, has retained its haptophore group while 
it has lost its ergophore function. These facts are illustrated in 
the following experiment. 


Experiment. 1 cc. of the serum of a rabbit immunized against 
horse serum was added to graded amounts of horse serum. The pre- 
cipitates were removed by centrifugation, and the supernatant fluids 
were tested for the presence of antigen and antibody by Eisenberg’s 
method of precipitation. The results showed the presence of both 
factors in all the fluids; the amount of precipitin remaining was in in- 
verse proportion to the amount of antigen present in the original mix- 
ture. A second identical series was prepared, and the supernatant 
fluids were injected into a series of guinea pigs, which were tested after 
an interval of three days for passive sensitization. In this series the 
degree of anaphylactic response in each instance, directly corresponded 
to the amount of precipitation obtained in the preliminary tests for 
precipitin (col. III of the table). This shows, like the experiments 
reported in the first part of this paper, that under normal conditions 
precipitin and sensitizin are identical. If, now, the precipitates of the 
present experimental series be treated with 1 per cent sodium carbon- 
ate, at a temperature of 40° for one-half hour, and the extracts be tested 
as above, the results are quite different. The precipitin tests reveal 
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the presence of antigen in all of the tubes, and of antibody (precipitin) 
in none. But if guinea pigs be passively sensitized with the extracts, 
the anaphylactic reactions are pronounced in two of the animals, upon 
the subsequent injection of the antigen. 


The results of the preceding experiment will be clearer in 
tabulated form. 


TABLE I 

7 SUPERNATANT FiUID 

SU Ne ILD, OF CARBONATE EXTRACT 
m 
a HORSE | PRECIPI- Precipitation Precipitation p 
SERUM TATE Symptoms, Pumptones 

E passive + 0.01 eae 
we + 0.01 ec. + 0.5 ec. sensitization ce. + 0.5 ec. pon 
horse serum |S. R. >h.s. horse |S. R.>h.s. 
serum 

cc. cc. 

1.5] 0.3 + | Very slight ++ | None _ + Mild 
0.15 ++ | Slight trate Mild _ ++ Death 
0.05 +t + a Moderate — +e Severe 
0.02 | Slight ++ Slight | Death — | Very None 

slight 


Thus, after extraction of a precipitate, the haptophore (or 
sensitizing) group remains, while the ergophore (or precipitating) 
group can be longer demonstrated. This result will readily be 
understood in the light of the preceding papers. The findings 
do not agree with those of Chickering, from which one would 
infer that extracted precipitin does not invariably lose its ergo- 
phore group. At all events, in the present study in dissociation, 
the conditions are such as to dictate the use of the method of 
passive sensitization to determine the presence of free antibody; 
the precipitation method is not available. 


EXTRACTION WITH SALT SOLUTION 


Treatment of the precipitate with salt solution in the incubator 
gives an extract which contains a very small amount of antigen. 
The precipitin and the anaphylactic reactions alike fail to reveal 
the presence of antibody. The extracted precipitate, if injected 
into guinea pigs, is found to have lost little, if any, of its anti- 
body content. Thus, we may say that this method of extraction 
leads to practically no dissociation. 
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EXTRACTION WITH SOLUTIONS OF SODIUM CARBONATE 


I was led to the use of this substance through the observa- 
tion that trypsin, which had been rendered alkaline thereby, 
produced active dissociation. The controls with sodium car- 
bonate alone, however, also gave a pronounced result. After 
these experiments had been performed, Chickering’s observations 
were published, which showed the carbonate method to be ex- 
ceedingly effective. 

Extraction with carbonate may be performed with solutions 
of various strength; I have used one per cent, and one-tenth per 
cent. The extracts contain large amounts of the antigen. The 
test for precipitin is invariably negative. The method of passive 
sensitization, however, gives positive reactions. The grade of 
these reactions is dependent upon the constitution of the original 
mixtures, as can be seen from the table. If the antigen is in 
excess, the extract is relatively poor in antibody, for the reason 
that probably only a portion of the antibody is precipitated, 
the remainder being held in solution by the excess of antigen, 
as in the prozone. If the antigen was added in extremely small 
amounts, the volume of the resulting precipitate is too small to 
give a good yield of antibody on extraction. Between these two 
extremes lies a wide zone of optimum proportions. ‘These results 
are very similar to those obtained in passive sensitization by in- 
jection of the precipitate, as described in study XIV of this 
series. The injection of the precipitate after extraction fails to 
sensitize passively. 

Carbonate extraction, therefore, yields a fluid containing both 
antigen and antibody, the latter, however, deprived of its pre- 
cipitating function. These results are not in entire accordance 
with those recorded by Chickering. He could not demonstrate 
the presence of antigen in the extract, but did find that precipitin 
could be demonstrated. The cause of this divergence in find- 
ings is at present obscure. 


© 
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TRYPSIN EXTRACTION 


Trypsin was made up in various strengths, ranging from one- 
tenth to one per cent, and these solutions were rendered alka- 
line with sodium carbonate. These solutions were used to ex- 
tract precipitates. The extracts contained both antigen and 
antibody; moreover, the latter was in the form of precipitin, and 
reacted with antigen to produce a precipitate. 

Dissociation of antigen-antibody complexes with the aid of 
trypsin was practised by Teruuchi (5) who found that it freed 
part of the antigen, but no antibody. He made his experiments 
with cobra venom and anti-cobra serum. The extracts were 
tested for their toxic and their antitoxic values, respectively. 


EXTRACTION BY LEUCOCYTES 


Leucocytes were obtained by injecting the pleural cavity of 
rabbits with aleuronat in salt solution; on the following day the 
animals were killed, and the supernatant fluid was pipetted off. 
The leucocytes were washed twice in salt solution before using. 
When such a leucocyte suspension was added to precipitates, 
the result was similar to that obtained in the case of trypsin. 
Both antigen and precipitin were demonstrable in the super- 
natant fluid. It should be remembered, in thisconnection, that 
the leucocytes were derived from the same species of animal 
which yielded the immune serum, namely, the rabbit. The 
result of one such experiment is appended in tabular form. 


TABLE II 
PRECIPITATE 

: 5 t 

apie a ee Leucocyte extract Sodium chloride extrac 
+ Oitlec® (=|. --- O'see: + 0.1 ce. + 0.5 ce. 
horse serum Serum 894 horse serum Serum 894 

cc. 

1 0.1 Jt a = Slight 
0.01 fe “e ee Slight 

0.001 ~ Slight = Slight 
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DISSOCIATION WITH CRYSTALLINE EGG ALBUMEN 


The experiments in dissociation hitherto described have dealt 
with precipitates composed of horse serum and its antiserum. 
In order to complete this study, it seemed advisable to deter- 
mine whether precipitates composed of a pure antigenic sub- 
stance would yield similar results, and for this purpose precipi- 
tates composed of crystalline egg albumen and its antiserum 
were submitted to a similar study. 


_Experiment. To 2 cc. of Serum 883, rabbit versus crystalline egg 
albumen, are added in three separate tubes, respectively, 0.02 ec., 
0.002 ecc., and 0.0002 cc. of crystalline egg albumen. Control tests of 
the precipitates produced by one-half of these amounts in previous 
experiments (see p. 6) had shown that the first two combinations 
sensitized guinea pigs passively towards egg albumen, so that the 
antigen, injected three days later, induced immediate anaphylactic 
death; the precipitate of the third mixture, however, gave only a moder- 
ate degree of passive sensitization. In the present experiment, the 
resulting precipitates were washed, and were separately extracted with 
sodium carbonate in the incubator. After centrifugation, one-half 
of each tube was reserved for tests of the extract, which revealed the 
presence of precipitabie egg albumen, while no precipitin could be 
demonstrated. The remainder was injected into three guinea pigs. 
After an interval of three days these pigs were given an injection of 
crystalline egg albumen intravenously. The results were as follows: 


TABLE III 


1 cc. of Serum 883, and graded amounts of crystalline egg albumen, as follows: 


S CARBONATE 
SUPERNATANT FLUID : 
-+- CRYST. EGG EXTRACT OF REMOTES 
ALBUMEN ———- at Sat a PGES | PRECIPITATE INTO! |") ete 
+ egg albumen + 883 GUINEA PIG = zi 
' 
0.01 = +o 1 Moderate 
0.001 — a 2, Severe 
0.0,001 -- _ 3 | None 


Serum 883 sensitized guinea pigs in amounts of 0.05 cc. If 1 cc. was used as 
the sensitizing dose, desensitization was produced by a preliminary subcutaneous 
injection of 0.05 to 0.1 ee. 


; 
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The results of this experiment are in harmony with those pre- 
viously described. The extract contains antigen in precipitable 
form. Antibody is also present, but no longer possesses the 
function of a precipitin; it can, however, be demonstrated by 
passive sensitization. 

Similar experiments, but less complete, were done with salt 
solution, and gave similar, but less striking results. Trypsin, 
and leucocytes, were not tried. 


MECHANISM OF DISSOCIATION 


The mechanism of dissociation offers certain problems of in- 
terest. Perhaps of the greatest significance, because of its appar- 
ent simplicity, is the form of dissociation which occurs in salt 
solution. Naturally, there is a tendency to explain this phe- 
nomenon in terms of the laws of mass action. Such a compari- 
son, however, meets with so many initial difficulties that its 
application to the present problem becomes of doubtful value. 
According to the laws of mass action it is indeed true that dis- 
sociation of a precipitate occurs if the supernatant fluid is re- 
moved, and fresh fluid is added. But in this case the super- 
natant fluid in the first instance always contains both constitu- 
ents of the reaction. It has been shown, however, that antigen 
and antibody do not coexist in the supernatant fluid, yet dis- 
sociation does occur. It is, however, also true that in morganic 
chemistry a mixture of two reacting substances, of which one 
is in great excess, may leave only that one of them in the super- 
natant fluid, and that here dissociation of both constituents 
might be effective. So that, in this instance, the conditions 
appear more nearly analogous. A second difficulty is due to the 
fact that the dissociated factors differ from the original factors 
of the precipitation reaction, inasmuch as the dissociated anti- 
body has lost its precipitating power. With the help of a variety 
of unsubstantiated auxiliary hypotheses, it would doubtless be 
possible to devise some sort of a plausible explanation recon- 
ciling these two types of phenomena. It seems best, however, 
to avoid this temptation, and to limit ourselves for the present 
to the search for facts. The increase of our knowledge of the 
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laws of reaction in immunology, coincident with a similar develop- 
ment in physical chemistry, may then very probably permit of 
a more satisfactory comparison of these two sets of phenomena. 


THEORETICAL CONSIDERATIONS 


From the above experiments, certain conclusions as to facts, 
in the first place, can be drawn. It is clear that the precipitate 
represents a complex of both factors, antigen and antibody, and 
that neither very largely destroys the other, if, indeed, any 
destruction at all occurs. The presence of both factors in 
demonstrable form in the extracts suggests various possible 
explanations. In the first place, the two substances may be 
separate in the extract, having lost their previous affinity. In 
the second place, they may be united. The latter assumption 
would seem to imply that they are in such proportions as consti- 
tutes the prozone, in which excess of antigen inhibits precipita- 
tion. This might be explained on the hypothesis of a redis- 
tribution of antibody in the precipitate. Such a process is hard 
to imagine; yet it is well known that such a redistribution of 
hemolysin or agglutinin may occur. Opposed to this view is 
the fact that the extracts produce passive sensitization, while the 
prozone fluid, in the case of horse serum, does not sensitize 
passively, on account of excess of antigen. Apparently, there- 
fore, one must conclude that the two substances are present in 
proportions different from that of the prozone. If such be the 
case, and they are in combination, it is difficult to understand 
why the combination is present as a solution, instead of as a 
precipitate. Assuming, on the other hand, that the two factors 
are not in combination, there are difficulties again in explaining 
this condition. Passive sensitization proves that the antibody 
still retains its affinity for the antigen; how then, can it exist in 
solution therewith, without entering into combination? Thus it 
is impossible, with our present knowledge of the facts, to give 
any satisfactory explanation for the presence of antigen and 
antibody in the extracts. 
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The differences between the results herein recorded, and those 
of Chickering indicate that general laws are not at present 
determinable. It seems possible that the failure in his experi- 
ments to demonstrate precipitinogen may be analogous to the 
failure in the present experiments to demonstrate precipitin. It 
is well known that antigen may be so changed by heat, and other 
agencies, as to lose its precipitability, while it still retains its 
affinity for the precipitin. Thus, it might be necessary to test 
for the presence of antigen in extracts by the method of active 
sensitization, just as passive sensitization was used in the present 
series to demonstrate non-precipitating antibody. 


CONCLUSIONS 
Experimental data 


1. Precipitates contain both antigen and antibody, as shown 
by the fact that they sensitize both actively and passively. 

2. If precipitates are treated with salt solution in the incuba- 
tor, the extracts are found to contain a small amount of anti- 
gen, but no antibody. 

3. If precipitates are extracted with solutions of sodium car- 
bonate, antigen is readily demonstrable in the extracts. Pre- 
cipitin cannot be demonstrated, but antibody is demonstrable 
in large amounts, by the method of passive sensitization (sen- 
sitizin). 

4, Extraction with trypsin and with leucocytes yields both 
precipitin and precipitinogen. 


Theoretical considerations 


Extraction of precipitates yields both components, but the 
procedure may deprive the antibody of its precipitating function. 
To what factor this change is to be ascribed, cannot be posi- 
tively stated. It is possible that the antigen and antibody in 
the extract are not actually dissociated, but are in solution in 
combined form. 
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THEORETICAL DISCUSSION 


The starting point of the preceding studies was the observa- 
tion that antigen and antibody had been found to coexist in 
reactive form in the body. Eisenberg’s observation seemed to 
furnish a striking analogy to this phenomenon in the test-tube. 
With the changed interpretation of this observation, its value 
as an analogy disappears. Hence, it again becomes of interest 
to inquire whether the studies on equilibrium in precipitation 
have shed any further light on the problem of coexistence of 
antigen and antibody in the body. 

If the preceding data be analyzed, it is evident in the first 
place that in the form of precipitate antigen and antibody can 
coexist as independently demonstrable entities, although in com- 
bination. Coexistence in such a state, namely, as precipitate, is, 
of course, hardly comparable with coexistence in the blood, or 
within the cells. It has been shown that in solution precipitin 
and precipitinogen cannot coexist without undergoing combina- 
tion and precipitation. As far as one can reason from the test- 
tube to vital conditions, therefore, it is a valid assumption that 
these two factors cannot coexist in the living body in solution 
—that is to say, in the blood. Whether or not the cell can keep 
two substances of this sort apart, in spite of their high affinity 
is not, with the facts at present available, a question which 
admits of discussion. 


47 


48 RICHARD WEIL 


On the other hand, the preceding papers have disclosed a set 
of conditions in the test-tube which seem to offer certain analogies 
with those previously described in the body. It has been defi- 
nitely shown that antigen and antibody can coexist in the same 
fluid, provided that the antibody does not possess a precipi- 
tating function. Such is the case, for example, when precipitin 
has been heated to 70°. Here, however, we are dealing with an 
artificial condition which could not be duplicated in the living 
animal. The experiments in the equilibrium of the precipita- 
tion reaction, both in combination and in dissociation, however, 
present another phenomenon, which might conceivably be paral- 
leled, or duplicated, in the animal body. The dissociation of 
precipitates in the presence of salt solution, yields a fluid con- 
taining both antigen and antibody. It does not seem unlikely 
that processes similar, if not identical, may produce similar 
results in the body. Again, under certain conditions the prozone 
presents an unprecipitated combination of antigen and anti- 
body, in which both factors are demonstrable. Unquestionably, 
similar combinations might exist in the blood. 

There is a gap, however, in the preceding comparison. AlI- 
though the antibody of the blood, and that in the extracts and 
prozone fluid, have been demonstrated by the same method, 
namely, that of passive sensitization, the antibody in the cells is 
demonstrated by its anaphylactic response, its immediate reac- 
tivity with antigen. The further question arises, therefore, 
whether antibody in combination with antigen possess the ca- 
pacity to react with fresh increments cf antigen. This question is 
one which may be answered from the experiments of other ob- 
servers. Bordet (1) Morgenroth (4),and Muir (5) have studied 
the behavior of hemolysin already anchored to red blood cells, 
in the presence of fresh red cells. There is no possibility of 
doubt but that the anchored hemolysin can and does sensitize 
the newly added cells. Landsteiner (2, 3) has found that agglu- 
tinin acts in the same manner. Thus, of these types of antibody 
it is clear that they can “‘fix’’ fresh antigen and react therewith, 
in spite of the fact that they are already in combination with 
antigen. The mechanism of this process is a matter of some 


a ia 


a ee ee 


a 


ANTIGEN AND ANTIBODY IN THE BODY 49 


speculation. Those who accept Ehrlich’s theory, naturally have 
an explanation which differs from that offered by Bordet. But 
concerning the facts themselves there is no dispute. If fixed 
antibody can react in the test-tube with fresh antigen, there 
seems to be no reason why the same mechanism may not be 
effective in the living body. Presumably the reactivity of fixed 
antibody would not be so high as that of free antibody, and, 
indeed, we find that this is exactly the case in the body. 


CONCLUSIONS 


1. It has been shown that antigen and antibody may coexist 
in the same fluids in the test-tube in reactive form. 

2. It is known that fixed antibody may attack fresh antigen. 

3. It is, therefore, quite in accordance with observations on 
immune reactions in the test-tube, to maintain that antigen and 
antibody may coexist in the blood and in the cells of the living 
animal, and that, even if in combination with antigen, the 
antibody is still capable of reacting with fresh antigen. 
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As one attack of varicella usually confers anactive immunity 
for the balance of life it is probable that antibodies to the virus 
persist for long periods of time in the body fluids. Few persons 
possess a natural immunity to this disease as the majority of 
those escaping infection in childhood contract the disease later 
in life. 

Clinical experience and experimental data indicate quite con- 
clusively that the virus of this disease is present in the skin 
lesions as in variola; while the exact mode of transmission is 
unknown, the consensus of opinion is to the effect that the virus 
is inspired and in this manner reaches the body fluids and later 
the skin for which the virus apparently possesses a selective 
tissue affinity. 

The diagnosis of varicella usually presents no difficulties on 
account of the mildness of the general reaction and the more or 
less typical appearance of the cutaneous lesions. Not infre- 
_ quently however, the disease is confused with variola and syphilis; 
the lesions may resemble the vesicles of variola so closely that 
differentiation is difficult. The two diseases however, are dis- 
tinct as clearly indicated by the fact that one who has recovered 
from varicella is susceptible to cowpox vaccination and that an 
attack of varicella does not protect against variola. 

The object of this investigation was to determine if antibodies 
could be detected in the blood serum of persons actively infected 
with varicella and after recovery, by means of complement 
fixation tests using as antigens extracts of the contents of the 
vesicles and crusts of this disease. Further than this it was 
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considered of interest to study by means of complement fixation 
experiments, the possible relationship between varicella and 
variola, purely on the basis of the close similarity between the 
diseases in so far as route of infection, the mechanism of the 
production of lesions and the clinical similarity of the lesions, 
are concerned. 


MATERIALS AND METHOD OF STUDY 


Hemolytic system. The antisheep hemolytic system was em- 
ployed. Complement was furnished by the pooled sera of two 
of more guinea-pigs and used in constant dose of 1 ce. of a 1: 20 
dilution (= 0.05 ec. undiluted serum). Antisheep hemolysin 
(rabbit) was titrated each time with each complement serum 
and a 2.5 per cent suspension of washed sheep cells (dose 1 ee.) 
and used in the antigen titrations and complement fixation tests 
in an amount equal to two hemolytic units. In this manner the 
hemolytic system was adjusted to each complement serum and 
corpuscle suspension and the double unit of hemolysin insured 
against non specific reactions in the antigen titrations and com- 
plement fixation tests. 

Technic. In titrating the antigens increasing doses of each 
extract were incubated for an hour at 37° C. with a constant 
dose of 1 cc. of 1:20 dilution of the pooled complement sera 
when the corpuscles and two units of hemolysin were added; 


after a second period of incubation of an hour the results were - 


read, the smallest dose of antigen causing slight inhibition of 
hemolysis being regarded as the anticomplementary dose. In 
the complement fixation tests one-third to one-half this dose 
was employed. 

In the complement fixation tests inactivated serum, antigen 
and complement were incubated for an hour; corpuscles and two 
units of hemolysin were added and the tubes re-incubated for 
an hour or an hour and a half until the controls showed com- 
plete hemolysis, when the results were read. 

In several experiments the complement fixation tests were 
conducted by primary incubations in the refrigerator (about 
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10° to 12° C.) for a period of six hours (McNeil) following which 
corpuscles and hemolysin were added and the tubes placed in 
an incubator at 37° C. for an hour or an hour and a half when 
the results were read. 

As usual in complement fixation work serum, antigen, hemo- 
lytic, corpuscle etc., controls were employed in each test. 

Antigens. Two varicella antigens were employed and in addi- 
tion to these a salt solution extract of cowpox virus and a salt 
solution extract of variola crusts. 


TABLE 1 


Anticomplementary titration of antigens 


ANTIGENS 


pose (1) i (2) (3) (4) 
NaCl extract vari- | NaCl extract vari- | NaCl extract cow- | NaCl extract vari- 
cella crusts cella vesicle fluid pox virus ola crusts 
(ae, 
0.2 H Jal H H 
0.4 H SIH H H 
0.6 H SIH SIH H 
0.8 H MIH MIH H 
1.0 SIH IH MIH SIH 
We MIH IH IH MIH 
Dose used.... 0.4 ce. 0.15 ce. OF2ice: 0.3 ce. 


H = Complete hemolysis. ; 
SIH = Slight (25 per cent) inhibition of hemolysis. 
MIH = Marked (50 per cent) inhibition of hemolysis. 

IH = Complete (100 per cent) inhibition of hemolysis. 


No. 1. This antigen was prepared by collecting from a number of 
patients with varicella a quantity of dried crusts and extracting these 
with salt solution in the proportion of 4 cc. of solution to each 0.1 gram 
of dry crusts. The crusts were thoroughly ground with sterile powdered 
quartz, the salt solution plus 0.5 per cent phenol added and the whole 
shaken mechanically for twenty-four hours followed by incubation at 
37°C. for seven days; this extract was then centrifuged at high speed, 
filtered through paper and titrated. 

No. 2. This antigen was prepared by collecting the fluid from vari- 
cella vesicles into normal salt solution containing 0.5 per cent phenol 
and 0.2 per cent sodium citrate (to guard against the formation of a 


54 JOHN A. KOLMER 


coagulum). The amount of vesicle fluid could not be accurately meas- 
ured but roughly estimated about two to four drops to each cubic 
centimeter of diluent. After standing several days this extract was 
filtered through paper and titrated. 

No. 3. <A 2 per cent salt solution extract of fresh cowpox virus. 
Fresh calf virus pulp was weighed, thoroughly ground with sterile 
quartz and mixed with sufficient normal salt solution containing 0.5 
per cent suspension. After shaking for twenty-four hours the mix- 
ture was incubated at 37°C. for a week; centrifuged; filtered through 
paper and titrated. 

No. 4. A salt solution of extract of dry variola crusts prepared in 
the same manner as antigen I (varicella) in the proportion of 0.6 gram 
of crust to 40 cc. of normal salt solution containing 0.5 per cent phenol. 


Each serum was also tested for syphilis with a cholesterinized 
alcoholic extract of human heart. This extract was antigenic 
in 0.05 cc. of 1 : 20 dilution; 0.2 cc. (four antigenic units) was 
used as the dose as this amount was twelve times less than the 
anticomplementary unit. 

Sera. All sera were inactivated at 56° C. for half an hour and 
used in constant dose of 0.2 ce. 


SUMMARY OF RESULTS 


The results of complement fixation reactions with sera from 
varicella patients are shown in tables 2 and 3 and may be sum- 
marized as follows: 

1. Of 28 sera from patients who presented the first evidences 
of varicella in from four to forty-two days prior to the tests, 
11 or 39 per cent reacted weakly positive with a salt solution 
antigen of varicella crusts. 

2. Of 24 sera tested with a salt solution antigen of the con- 
tents of varicella vesicles, 7 or about 30 per cent reacted weakly 
positive. 

3. Negative reactions with both varicella antigens were gen- 
erally observed with the sera of adult persons who had varicella 
in childhood. In varicella the Wassermann reaction is negative 
in the absence of syphilis. 
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4. The sera of several syphilitics yielding strongly positive 
Wassermann reactions reacted negatively with the varicella anti- 
gens (no. 5, table 2; nos. 21 and 27, table 3). 


TABLE 2 


Complement fixation in varicella 


ANTIGENS 
WASSER- 
NO. NAME AGE Bree Grecian Beate Vari Vari in fave VACCINATED 
cella . Ox 
erasts peace eas crusts 
years 

eh doe 5 10th = a5 0 se - Yes 

Dr ley Os 7 16th — = 0 -- _ Yes 

3) [8a ast 4 17th - -- 0 - — No 
4|V.M.A.!| 7 wks 4th — + 0 _ — No 

5 |C.McG.} 28 16th of syph- 

ilis not 
varicella |++++] — _ #5 0 Yes 

Gna. 8 14th = at = - Yes 

Weal Mie RR. 3 13th — — —- _ _— Yes 
SelPN G: 3 4th — == ae — No 

9 | A. G. 6 12th — ar se = = Yes 
10 | EB. F. 3 11th _ =F 0 sk - Yes 
Dink. Is, 14th _ -- _ — ~ No 
nieve |G: 3 15th ~ + + - _ No 

13 | E. P. 10 17th ~ — - - _ Yes 
14 | E. V. 5 1 year — — — — _ Yes 
15) |g oD 3 10th — — ~ _ aa No 

16 |S. F. 3 12th _ _ _ — — No 
tains Wi 3 12th — — — _ —_ No 

18 | M. R. 40 7th — _ 0 0 — | Never vac- 

cinated 

19 | H. B. 1 10th —_ + + st _ Yes 


— = Complete hemolysis (negative). 
+ = Less than 25 per cent inhibition of hemolysis (doubtful). 
+ = 25 per cent inhibition of hemolysis (weakly positive). 
++ = 50 per cent inhibition of hemolysis (moderately positive). 
++-+ = 75 per cent inhibition of hemolysis (strongly positive). 
++-+-+ = 100 per cent inhibition of hemolysis (strongly positive). 


5. In all instances the degree of complement absorption with 
the sera of varicella patients and varicella antigens was slight 
(reactions weakly or doubtfully positive). 
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TABLE 3 


Complement fixation in varicella with primary incubation at 37° C. and 10° to 12° C. 


{ 
| 
| 
NO.| NAME |AGE| 


2 | 
$ 
08, 


— 
OWN OWRD O Orr 


tol 


bo Ww bo 


Ww 


i) 
NwrerOonwon 


8 
SPP HESS OAD POM 
ear eat an Vee emaoe 


[w) 


| REACTION AT 37° C. REACTION AT 10° To 12° C. 
| 


tpemt| maeer | ae ean ae) || ra ena 
DIBEASE | eG ae | cella Cow- Variols| Varicella _ cella pas | Variola 
| erusta | vesicle | re \ | crusts | sect virus | crusts 

ae ae = ee "| 

sch | ah") le Aly oe ae 
th | ehh | eS ied eel 
10th | | en se of et | — | = 
th | -— | +{/+]—-]/—-{] + + = 0 = 
4th mage F< ee aa SS = 
42nd | - |-) = _ — — |. =) 2a 
2st | = a) ee a ee 
and |++++/ — | —| — | -—}] > - —-j;- |= 
wth} - |-|—-}-]-] = -~|-|- 
10th | — ee) ee — | =a 
Mth | — —-|/—-]—-]=+-{ = - = 
23 yrs.|  — - | - 0 | 0 - _ 018 
27 yx. | | = 1 0] Oe = oe 
20yrs.| — | — | — | 0 | O - — 0 0 
20 yess ee ek a 0-0 = = 0) 0 
20yrs.| — —-|-]|0 0 = ie 0 0 
22 yrs.| — SO Sw Or - |=] o| 0 

TABLE 4 


Complement fixation reaction with cowpox immune sera and varicella antigens 


ANIMAL 


Rabbit 60. . 
Rabbit 61. . 
Rabbit 63. . 
Rabbit 64. . 
Rabbit 64. . 
Rabbit 66. . 
Rabbit 66. . 
Calf (A).:.- 
Calf(B) es. 


DAYS REACTIONS WITH ACTIVE SERUMS REACTIONS WITH HEATED SERUMS 
APTER (0.2 cc.) (0.2 cc.) 
INOC - 
SSS Wasser- no ©) (4) Wasser- ally (3) (4) 
oe ae cella Cowpox Variola ee cella Cowpox Variola 
a on vecue virus crusts eiont veeule virus crusts 
i | — | — |++4++/ +444) — | -— | +4+++) 4++4++4+ 
1 | — | — |+++4) 4+ — | — | +4+4++|+4++++ 
2 | — | — |+4+ |4++ | ++) 44+ | ++4+4] +444 
2 | — | — |+4+ [++ [+ [+ | +444) +44 
a} — | — |+4+4+ [++ | ++) 44+) 4444+) 44+4+4 
4 fe a = = = = = = : 
4 |} —- | — }++ | = | — | — | +44] 44+ 
16 |) = oe) — | = | = | ++ + 
a | — | — | +++ + | — | — | +++] ++ 
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6. Cowpox and variola antibodies did not absorb comple- 
ment with varicella antigens. The four weakly positive reac- 
tions observed with a salt solution extract of cowpox virus (calf) 
are to be ascribed to the presence of cowpox antibodies in the 
sera (table 2, nos. 1, 5, 10, and 19), similar results having been 
observed in the study of complement fixations in vaccinia and 
variola (1). 

As shown in Table 4 the active sera of rabbits and calves 
vaccinated with cowpox virus yielded well marked positive reac- 
tions with antigens of cowpox and variola material but negatively 
with the antigen prepared of the contents of the vesicles of 


TABLE 5 


Complement fixation with the sera of smallpox and varicella antigens 


| 


ANTIGENS 


DAY oF WASSER- (2) 


NO. AGE SMALLPOX SEBS VARICELLA se ee | Cow- aly 
reece ove crusts 
1 50 | Moderate 9th | Childhood — _ _ 
2 38 | Very mild 33rd _ | Childhood _ — - — 
3 13 | Very mild 3lst | 10 years ago ~- = _ = 
4 10 | Mild 16th 6 years ago — _ “+ + 
5 21 | Mild 17th | Childhood -- - ++) + 
6 | 11 | Very mild 20th | 10 yrs. ago ~ - _ = 
7 24 | Mild 20th | Childhood _ _ + -- 
8 8 | Mild 7th 4 years ago _ _ ++ | ++ 


varicella. Inactivated rabbit sera (heated at 56° C. for thirty 
minutes) reacted positively not only with varicella antigen but 
also with the cholesterinized alcoholic extract of heart (table 
4, rabbits 63 and 64) constituting examples of non-specific com- 
plement fixation sometimes found with normal rabbit serum (2) 
and likely to be regarded as specific reactions. 

As shown in table 5 negative reactions likewise occurred with 
the sera of eight persons suffering with a mild form of variola 
and an antigen of the fluid from varicella vesicles. 

7. While these experiments have shown that an antibody in 
the nature of an amboceptor is present in the sera of persons 
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suffering with varicella which will absorb complement in the 
presence of an antigen prepared of the cutaneous lesions of this 
disease, yet the percentage of positive reactions and particu- 
larly the degree of complement absorption is small; while im- 
munity principles are in all probability present in the body fluids 
of persons for years after an attack of varicella these could not 
be detected by the complement fixation tests in this study; all 
positive reactions were observed during or soon after an attack 
of the disease and at the time of probable highest concentration 
of antibodies. A more delicate technic would probably yield a 
higher percentage of positive reactions as is usual in all comple- 
ment fixation tests with bacterial antigens, but in this study this 
was avoided in order to guard against the possibility of non- 
specific absorption of complement. 
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While clinical experience since the days of Jenner has conclu- 
sively proven that successful vaccination with cowpox virus or 
with the virus of smallpox itself results in establishing a high 
degree of active immunity against smallpox our knowledge of 
these protective antibodies is quite limited. Likewise clinical 
experience indicates quite conclusively that the antibody pro- 
duced by inoculation with cowpox virus must be identical with 
or almost so with the antibody produced by smallpox virus, but 
the establishment of this relation between the two antibodies 
by means of immunological reactions has been less satisfactory, 
due probably to our ignorance of the specific micro-organisms 
of those diseases, our imperfect knowledge of the nature of the 
antibodies and the present limitations of immunological technic. 

Attempts toward inducing passive immunization of animals 
against cowpox and smallpox by means of the injection of blood 
from vaccinated animals have been occasionally successful and 
frequently unsuccessful; likewise in a few experiments the virus 
of cowpox has been successfully inactivated or destroyed in 
vitro through contact with the blood serum of vaccinated ani- 
mals. These experimental demonstrations have been generally 
unsatisfactory but on account of their crude nature have in no 
way militated against the overwhelming clinical experience indi- 
cating the intimate relationship between the antibodies of variola 
and vaccinia. 

During the past three years I have had the opportunity of 
studying a number of cases of smallpox in the Philadelphia Hospi- 
tal for Contagious Diseases and in Millville, New Jersey. All 
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of these persons exhibited a mild form of the disease in which 
the lesions were comparatively few, the systemic symptoms mild 
and recovery therule. In the course of these studies complement 
fixation reactions were undertaken to throw more light upon the 
phenomenon of complement fixation in variola and vaccinia and 
in an effort to study the relation of the antibodies of variola and 
vaccinia by means of a series of cross complement fixation tests. 

In 1906 Jobling (1) reported positive complement fixation 
reactions using as antigen a suspension of finely ground calf 
vaccine pulp and the sera of vaccinated calves. As far as I 
am aware this work constitutes the first investigation of its kind 
conducted in this field and indeed was in progress at the time of 
the original complement fixation work of Wassermann and his 
co-workers and Detre in syphilis. In 1909 Beintker (2) reported 
indifferent results in which he used as antigen a salt solution 
extract of calf lymph and the sera of vaccinated rabbits and 
calves as well as the sera of persons suffering with smallpox. 
In the same year Sugai (3) using as antigens salt solution extracts 
of the contents of smallpox pustules and calf lymph reported 
positive reactions with the sera of six smallpox patients and 
five persons who had been vaccinated with calf lymph. He 
found no evidence of agglutination in an extract of calf virus 
material by these sera. Dalm (4) reported positive results with 
the sera of ten persons suffering with smallpox and an antigen of 
calf lymph; he also used watery extracts of the liver and spleen 
of a two-year-old child who had succumbed to smallpox, but 
with negative or indifferent results; this investigator also found 
agglutination of calf lymph by the sera of smallpox patients to 
be weak or entirely absent. Kryloff (5) using a salt solution 
extract of variola matter reported positive reactions in variola 
and varioloid and considered the complement-fixation test as 
possessing diagnostic value. Aqueous and alcoholic extracts of 
variolous scabs and the liver and spleen of persons dead of 
variola as well as salt solution extracts of calf lymph yielded 
negative or weaker reactions. Bermbach (6) tested the sera of 
animals before and after vaccination and the sera of vaccinated 
and revaccinated persons, with a salt solution extract of lymph 
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and reported generally positive reactions. Xylander (7) tested 
thirty-one sera of persons before and after vaccination with an 
alcoholic extract of lymph, in an effort to study the specificity 
of the Wassermann reaction in syphilis. Of these the sera of 
eight reacted weakly positive with the lymph antigens and seven 
of these reacted in the same manner with the alcoholic extract 
of heart; after vaccination eighteen reacted weakly positive with 
the lymph antigen and these included the sera of the same seven 
persons who reacted weakly positive with the alcoholic heart 
antigen prior to vaccination. Teisser and Gastinell (8) using 
as antigen a salt solution extract of calf lymph reported positive 
reactions with the sera of thirty-nine persons suffering with 
variola, the reactions becoming positive about the tenth day of 
the disease and remaining so for at least thirty days; more pro- 
longed observations were not made. Positive reactions were also 
reported with the sera of vaccinated rabbits, the reactions becom- 
ing positive about the seventh day after vaccination. Recently 
Klein (9) has also reported favorable results with the complement 
fixation test in variola especially with antigens prepared of the 
contents of the vesicles and pustules of variola and believe the 
test to possess practical diagnostic value. Konschegg (10) has 
also reported positive reactions in variola with salt solution ex- 
tracts of the contents of variolous lesions. 

In my work antigens for the complement-fixation tests were 
prepared of the contents of vesicles and pustules and the scabs 
of vaccinia and vaccine pulp from calves and from the contents 
of vesicles and pustules and scabs of small-pox patients. With 
these antigens complement fixation reactions were conducted 
with homologous antigens and sera and the immunological rela- 
tionship between vaccinia and variola studied by crossing the 
antigens and sera in complement-fixation experiments. 


MATERIALS AND METHOD OF STUDY 


Hemolytic system and technic. The antisheep hemolytic system 
was used throughout. Complement was furnished by the pooled 
sera of several guinea-pigs and used in doses of 1 cc. of a 1 : 20 
dilution (= 0.05 ce. undiluted serum). Antisheep hemolysin 
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was titrated each time with this unit of complement and 1 cc. 
of a 2.5 per cent suspension of washed sheep cells and used in 
the antigen titrations and complement fixation tests in an amount 
equal to double the hemolytic unit. 

In the antigen titrations, increasing doses of antigen with the 
unit of complement were incubated for an hour at 37°C. when 
two units of hemolysin and 1 cc. of the corpuscle suspension were 
added, mixed and re-incubated for an hour when the readings 
were made. That amount of antigen showing beginning inhibi- 
tion of hemolysis was taken as the anticomplementary dose. 

In the complement-fixation reactions serum, antigen and com- 
plement were mixed and incubated for an hour when two units 
of hemolysin and the corpuscles were added. After a second 
period of one hour incubation the readings were made. 

In all tests the usual antigen, serum, hemolytic, etc., controls 
were employed. 

Antigens. During the course of this study a number of anti- 
gens were prepared of salt solution and alcoholic extracts of 
vaccine virus! the contents of smallpox vesicles and pustules as 
well as of the dried scabs of cowpox and smallpox. 

These antigens were prepared as follows: 


No. 1. A 2 per cent salt solution extract of fresh calf virus pulp; 
shaken mechanically for twenty-four hours and filtered through paper; 
heated at 60°C. for 1 hour and preserved with 0.5 per cent phenol. 

No. 2. A 5 per cent salt solution extract of fresh rabbit virus pre- 
served with 0.5 per cent phenol; shaken mechanically for twenty-four 
hours; incubated at 37°C. for seven days; filtered through paper. 

No. 3. A 4 per cent extract of fresh calf virus pulp in absolute alco- 
hol; shaken mechanically for twenty-four hours and filtered. 

No. 4. A glycerinated calf virus was centrifuged and the sediment 
washed twice with normal salt solution; a 2 per cent extract in abso- 
lute alcohol was prepared; shaken mechanically for twenty-four hours 
and incubated at 37°C. for one week; filtered through fat free paper. 


1 For several lots of vaccine pulp several vaccinated rabbits and the sera of 
vaccinated calves, I am indebted to Dr. F. G. Elgin of the Mulford Biological 
Laboratory to whom I wish to express deep appreciation for repeated acts of 
kindness. 
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No. 5. A glycerinated calf virus was centrifuged and the sediment 
washed twice with normal salt solution, one gram of sediment was 
mixed with 60 cc. pure acetone; shaken mechanically for twenty-four 
hours and incubated at 37°C. for one week; filtered through paper. 

No. 6. Four cubic centimeters of calf virus were suspended in 40 
ec. salt solution; shaken mechanically and filtered through paper to 
remove large particles and precipitated with an equal volume of abso- 
lute alcohol; the precipitate was dried over calcium chloride, weighed 
and ground with sufficient crystals of sodium chloride to make a 2 per 
cent suspension with the addition of distilled water. 

No. 7. An emulsion of the contents of smallpox vesicles and pustules 
in salt solution preserved with 0.5 per cent phenol shaken mechanically 
for twenty-four hours and filtered through paper. 

No.8. A 2 per cent suspension of smallpox scabs dried and powdered, 
in normal salt solution plus 0.5 per cent phenol; shaken mechanically 
for twenty-four hours and incubated at 37°C. for a week; filtered through 
paper. 

No. 9. A 1 per cent suspension of powdered smallpox scabs (Mill- 
ville case) in normal salt solution plus 0.5 per cent phenol; shaken 
mechanically for twenty-four hours and incubated at 37°C. for one 
week; filtered through paper. 

No. 10. A 2 per cent suspension of powdered cowpox scabs (human) 
in normal salt solution plus 0.5 per cent phenol shaken mechanically 
for twenty-four hours and incubated at 37°C. for a week, filtered through 
paper. 

No. 11. A 4-per cent extract of powdered smallpox scabs in absolute 
alcohol; shaken mechanically for twenty-four hours and filtered through 
paper. 

No. 12. A 4 per cent extract of powdered cowpox scabs (human) in 
absolute alcohol; shaken mechanically for twenty-four hours and fil- 
tered through paper. 


For the Wassermann reaction an alcoholic extract of human 
heart re-enforced with cholesterin was used as antigen. The 
antigenic unit of this antigen as determined by titration with 
syphilitic sera was 0.05 ce. of a 1 : 20 dilution; the dose employed 
was 0.2 cc. of a 1 : 20 dilution. This extract was not antilytic 
in amounts under 2 ce. of a 1:10 dilution. 

Each antigen was diluted as necessary with normal salt solu- 
tion and titrated to determine its anticomplementary unit, i.e. 
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the smallest dose of antigen which in the presence of normal 
serum caused beginning inhibition of hemolysis. For the comple- 
ment fixation tests the antigenic dose was taken arbitrarily as 
equal to one-fourth the anticomplementary unit. With this 
margin of safety false reactions due to the antilytic action of 
excessive doses of antigen were avoided. Larger doses of antigen 
as one-half the anticomplementary doses yielded stronger and 
higher percentages of reactions but the work reported herein 
was conducted with one-quarter the anticomplementary doses 
of each antigen. 

These titrations were made each time just before the comple- 
ment fixation tests and the following table shows the results of 
one such titration with each antigen and the dose employed in 
the complement fixation tests. 


TABLE 1 


Anticomplementary titration of antigens 


ANTIGENS AND DILUTIONS 


DOSE 


1 20 Wage 4 5 le ee Salt a9 | 10 11 12 

1:10 1:10 1:10 | 1:10 1:10 | 1:10 1:10 | 1:10 1:10 1:10 , 1:10 
ce. | | | | | | 
0.1 12 Rae [id c Ge Pe © Reed H |-H | H’| B| BH | eee 
0.2 H|H!|H!48 H |.H | H | A | 2 | aes 
0.4 H |b | H | SIH. | SIH | H | H | 4) Be | tee 
0.6 H | H | H |MIa|MIa| H | H | SIE | H | Be 
0.8) HoH) B.| In) an | o | Bo lM) ee 
1.0 HUSH) a) TE a sh H |IH | H H | H 
2.0 H |MIH| SIH} SIH|SIH| H | SIH| IH | H | SIH} SIH 
3.0 |SIH| IH | IH | H | H | SIH |MIH| IH | SIH | MIH| MIA 
Dose 
used, | | 
ec....| 0.8 0.2 0.5) 0.1] 0.1) 0.8) 0.5] 0.2/ 0.8) 0.5) 0:5 


Antigen No. 6 was used in dose equivalent to 2 mg. of dried substance; this 
amount was equal to about one-fourth the anticomplementary dose of this 
preparation. 

H = Complete hemolysis. 

SIH = Slight inhibition of hemolysis (25 per cent). 

MIH = Marked inhibition of hemolysis (50 to 75 per cent). 
IH = Complete inhibition of hemolysis (100 per cent). 
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Sera. The following sera were employed: 


a. Seventeen from cases of smallpox. 

b. Fourteen from persons who had been vaccinated with cowpox 
virus. 

c. Two from children who had never been vaccinated. 

d. Seven from persons suffering with syphilis; vaccinated; never had 
smallpox. 

e. Five from vaccinated rabbits. These animals were inoculated 
in the skin of the back. 

f. Two from vaccinated calves. These animals were inoculated in 
the skin of the abdomen in the usual manner. 

g. One from normal calf. 


All sera were inactivated by heating at 56°C. for half an hour; 
the rabbit sera were used in complement fixation tests both before 
and after inactivation. 


RESULTS 
I. Complement fixation in vaccinated animals 


a. With the sera of vaccinated rabbits. These results are shown 
in tables 2 and 3. These animals were heavily infected and 
succumbed in from three to four weeks after inoculation. 

Rabbits 48 and 53 were selected from a group of normal ani- 
mals because preliminary complement fixation tests with these 
antigens showed that their sera in both active and inactivated 
state did not yield non-specific reactions. These precautions 
should always be taken as otherwise false conclusions may be 
drawn on the basis of non-specific reactions as recently empha- 
sized by my associates and myself in a series of studies on this 
subject of non-specific complement fixation by normal rabbit 
serum (11 and 12). 

Rabbits 48, 44, 45 were inoculated for me by Dr. Elgin before 
preliminary complement fixation tests were made; the sera of 
two of these animals nos. 43 and 45 were inactivated and yielded 
slight degrees of non-specific complement fixation with the cho- 
lesterinized alcoholic extract of human heart; this tendency of 
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heated serum no doubt influenced the reactions with the anti- 
gens of cowpox virus and variolous material. 

As shown in table 2 antibodies were found in the sera of the 
inoculated rabbits about the eighth to the eleventh day after 
inoculation as determined by the complement fixation tests with 
active serum. With inactivated serum (heated at 56°C. for 
half an hour) the reactions were more delicate and positive reac- 
tions were observed on the seventh day after inoculation. 

As shown in this table the complement fixation tests showed 
quite definitely that the sera of these inoculated rabbits contained 
a complement absorbing antibody presumably in the nature of 
an amboceptor and that the antibody produced by inoculation 
with cowpox virus while absorbing complement in best degree 
with the homologous antigen, also showed a close biological 
relationship to variola by reason of complement absorption with 
variola antigens. 

The alocholic extract of cowpox virus pulp proved of low anti- 
genic sensitiveness which observation is in keeping with the gen- 
eral finding that alcohol does not serve well in extracting anti- 
genic principles from bacteria and protozoa. 

b. With the sera of vaccinated calves. The results of. two com- 
plement fixation tests with the sera of two calves are shown in 
tables 4 and 5. 


TABLE 4 


Serum from a vaccinated calf (seventh day) 


ANTIGENS 

DOSE OF SERUM (3) 
(1) F a (7) (11) 

NaCl extract Alcoholic ex (6) NaCl extract Alcoholic 


s tract cowpox | Cowpox viru : 
cowpox virus eat PD s variola extract variola 


ee 
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TABLE 5 
Serum from vaccinated calf (sixteenth day) 
ANTIGENS 


ROSE 1 (3). (6) (7) (11) 
NaCl extract | Alcoholic ex- Call vicia NaCl extract Alcoholic 


calf virus tract calf virus variola extract variola 
cc. 
0.005 = = = — = 
0.01 - - - - - 
0.05 ++ = + + a 
0.1 ++ + + +4 + 
0.2 +444 + a+ +++ + 
0.2 


Serum control — == = = ie 


As shown in table 4 antibodies were not demonstrated on the 
seventh day after inoculation; as shown in table 5 antibodies were 
present in the serum of a calf inoculated sixteen days previously. 
As observed with the sera of inoculated rabbits, the cowpox anti- 
bodies absorbed complement better with the cowpox antigens 
than with the variola antigen, likewise alcoholic extracts of cow- 
pox and variola viruses proved poor in antigenic sensitiveness. 

As shown in table 6 normal calf serum does not show the tend- 
ency toward non-specific reactions as exhibited by normal rabbit 
sera. The sera of ten other normal calves yielded similar nega- 
tive results with these antigens. 


TABLE 6 
Serum from a normal calf 
ANTIGENS 
eee eee A oe 


NaG@hoctact Aleohotic ox (6) N Penn ‘ATat atte 
cowpox virus reco RDO Cowpox virus variola extract variola 


DOSE SERUM 


Serum control _ — 
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II. Complement fixation in human vaccinia 


The results of a number of complement fixation reactions with 
the sera of persons at varying intervals after successful vacci- 
nation with cowpox virus are shown in tables 7 to 11 inclusive. 

Of 13 persons vaccinated with cowpox virus from seven days 
to ten years previously and whose sera yielded negative Wasser- 
mann reactions, positive reactions with salt solution antigens 
of cowpox virus were observed with four or 22 per cent. The 
sera of one of these four persons yielding positive reactions with 
cowpox virus also reacted positively with salt solution antigen 
of variolous material. 

TABLE 7 


Serum from person successfully vaccinated one week previously 


ANTIGENS 


SERUM 


(1) (3) (10) 
NaCl extract NaCl extract NaCl extract Wassermians 
cowpox Virus smallpox scabs cowpox scabs sco) 
ce. 
0.01 — _ -- _ 
0.05 = = Se a 
0.1 + + He | = 
0.1 
Serum control - _ ~- - 
TABLE 8 
Serum from a child vaccinated eight days previously 
ANTIGENS 
(3) 
DOSE SERUM (1) : 7 (7) (11) 
NaClex- | Alcoholic | (6) =| NaCl | Alcoholic | WAS#es 
tract cow- aS on add extract extract * action 
pox virus Pp variola variola c 


virus 


COMPLEMENT FIXATION IN VACCINIA AND VARIOLA 71 


TABLE 9 


Serum from person successfully vaccinated three weeks previously 


ANTIGEN 


SERUM (1) (7) ann a 
NaCl extract NaCl extract NaCl extract NENT? 
cowpox virus smallpox scabs cowpox virus peec On 

ce. 

0.01 — = 3S ne 

0.05 _ ae ae ix 

0.1 = = ak ee 

0.1 


Serum control -— == aut oe 


TABLE 10 


Serum from person successfully vaccinated three weeks previously 


ANTIGENS 


SERUM (1) (7) (10) Wassermann 
NaCl extract NaCl extract NaCl extract TaRGtIOn 
cowpox virus smallpox scabs cowpox scabs 

ce. 

0.01 = = oe + 

0.05 - = ah a 

0.1 — = alr is 

0.1 


The persons whose sera yielded the positive reactions were 
vaccinated 8, 21, 21 and 14 days previously. 

As shown in table 11 the sera of seven vaccinated persons 
yielded positive Wassermann reactions; six of these (nos. 9, 10, 
12, 13, 15 and 16) were untreated cases of syphilis; no. 11 was 
undergoing treatment at the time of vaccination and the comple- 
ment fixation tests. Four persons (nos. 9, 10, 11 and 13) had 
been vaccinated in early childhood; the present vaccinations 
were successful but all were mild ‘takes; nos. 14, 15 and 16 
did not take at this time. 

It will be noted that the alcoholic extract of cowpox virus 
yielded positive results with the sera of five of these persons and 
likewise a higher percentage of positive reactions resulted with 
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TABLE 11 


Complement fixation after cowpox vaccination 


ANTIGENS 


NO. NAME AGE VACCINATION Sa A el oe a Cae 

Sh |eeteet lexteact| Seats | Se 

virus |!¥™Ph | scabs virus 

years 

1 ONE 65 6 months — = ~ = = 
2 G. 8: 41 18 days - _ = eat a 
3 Dee 5 9 days - — os ze ue 
4 W.H..| 49 14 days - + aes = = 
5 J.M. 46 9 days — _ — = _ 
6 TT. Me At 10 weeks = = = = = 
of ANSISE 20 10 days _ — — - — 
8 W.N. 33 10 years — _ = — — 

9 S.B. | 30 7 days ++++] ++) ++) ++] ++ 
10 J. W. 26 6 days ++++) + + = ae 
11 JR: 29 12 days a _ = = a 
12 J.A. 32 aeoh shaatal paste aie = a 
13 J: M. 18 14 days - = = = = 
14 J.W. 50 10 years - _ — = = 
15 J. W. 27 4 years ++ - — = + 

16 Heal 28 3 years ++4+4]/ + = eee et 


the salt solution extracts of cowpox virus. I am inclined to re- 
gard these reactions particularly those resulting with the alco- 
holic extract of cowpox virus, as due to the presence of the 
syphilis ‘‘reagin”’ and its faculty for absorbing complement with 
lipoid substances. 

As shown in tables 12 and 13 the sera of persons never vacci- 
nated with cowpox virus reacted negatively with all antigens. 

According to the results observed the sera of but a small 
proportion of persons vaccinated with cowpox virus contained 
sufficient complement absorbing antibodies to yield positive reac- 
tions with the antigens used in this study. 

The most of the positive reactions that were observed were 
but weakly positive and occurred among persons recently vacci- 
nated. Ten additional tests not listed in the tables were con- 
ducted with the sera of adult persons who were successfully 
vaccinated in childhood and who were known to be immune at 
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TABLE 12 


Serum of a child who had never been vaccinated 
ee es a ae La a 


ANTIGENS 


(3) 
DOSE SERUM Na ee Alcoholic 


extract Cowpox 
pee acor cowpox virus 
p virus 


(7) (11) 
(6) NaCl | Alcoholic. | Wasser- 
extract extract * 
variola variola Teaction 


0.2 
Serum control — = = ass = = 


ee Na 
TABLE 13 


Serum of a child who had never been vaccinated 
a eb 
ANTIGENS 


(3) 


(1) Alcoholi 
NaCl extract Se OS pth eee 
Ganpox vitae tract cowpox | Cowpox virus 


virus 


DOSE SERUM (7) (11) 
(5) Alcoholic ex- | Alcoholic ex- 
tract variola tract variola 


0.05 — = = = = 
0.1 — — = = — 
0.2 -- _ = = = 
0.2 

Serum control -- _ | _ | | 


the time of these tests by reason of the development of an imme- 
diate or “immunity reaction” upon inoculation with cowpox 
virus, an all yielded negative reactions with all antigens. Since 
antibodies were present and as these are probably in the nature 
of amboceptors it is probable that the complement fixation tests 
were not sufficiently delicate for their detection; that the anti- 
body of cowpox will absorb complement with an extract of virus 
was shown by Jobling with the sera of vaccinated calves and 
confirmed by others and myself with the sera of vaccinated rab- 
bits and calves as shown earlier in this paper. 
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As observed with the sera of vaccinated rabbits, the cowpox 


antibody absorbs complement best with its homologous antigen; 


of the four human sera absorbing complement with cowpox 
antigen one reacted in a similar manner with a variolous antigen. 
This relationship between the antibodies of vaccinia and variola 
was further shown in the complement fixation tests with the 
sera of persons with smallpox. 


ITI. Complement fixation in variola 


During the past three years I have had the opportunity of 
applying complement fixation tests with the sera of 17 persons 
during the active stages of smallpox. 


TABLE 14 
Serum from person unth smallpox; eighteenth day of the disease; very mild infection 


ANTIGENS 


SERUM (10) 


(1) (7) 
NaCl extract NaCl extract NaCl extract Waseem 
cowpox virus smallpox scabs cowpox scabs re aeO 
Coe 
0.01 _ — ~ = 
0.05 = = = — 
0.1 = + + — 
0.1 — _ = = 
Serum control 
TABLE 15 


Serum of a smallpox patient; twenty-first day of disease; exceedingly mild case 
presenting few lesions and practically no systematic symptoms 


ANTIGENS 


DOSE SERUM (1) (3). (7) (11) 3 
Detler. | “criract’ | cowpox | NaCl, | Alcoholic | hit 
pox varus, | \~oy eo virus aoe ed Sara reaction 
cc. 
0.005 _ = = = = 2s 
0.01 — a = as ad a 
0.05 — = = ss a a 
Ord a = pas a =A zs 
0.2 anata - — geeks s ya 
0.2 = = = a = a 


Serum control 


- 


eS ay ee 
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TABLE 16 


Serum of a patient with smallpox on nineteenth day of disease (fifteenth day after 
eruption); moderately severe infection; never vaccinated 


ANTIGENS 


3) 
DOSE SERUM (1) tence (6) (7) (11) Wass 
= : ere 
Eebonme) |) cxmact | Cowpox |) Se |i peels | mann 
pox virus | Cowpox virus aaa vartola reaction 
ce. 
0.005 = = = = = = 
0.01 = = = = = = 
0.05 = = = = = — 
0.1 4 = ~ + = ~ 
0.2 sash = = SPF = = 
0.2 = = = == = = 
Serum control | 
TABLE 17 


Serum of a patient who was exposed to smallpox for five days; vaccinated and vacci- 
nation was just beginning to ‘‘take’’ when patient developed mild symptoms of 
smallpox 


ANTIGENS 


(3) 
DOSE SERUM (1) : (7) (11) 
NaClex, | oocnalien | ® NaCl | Alcoholic | Wasser- 
tract cow- as sa Shy extract extract Perr 
pox virus es p uy variola variola, SELON 
irus 
cc. 
0.005 - ~ — - - ~ 
0.01 = = - — - — 
0.05 = = - — ~ ~ 
0.1 + = — tf = = 
0.2 ++ = - ap ~ ~ 
0.2 = = 2 = — - 
Serum control 


The sera of nine of these persons were used in graded doses 
in the complement fixation tests in order to determine in this 
manner the relative degrees or complement absorption with cow- 
pox and smallpox antigens. The results of these tests are shown 
in tables 14 to 22 inclusive. Table 23 shows a series of reactions 
with a constant dose of 0.2 cc. of serum with different antigens. 

All of the cases were mild infections: several were exceedingly 
mild showing but few lesions and practically no systematic mani- 
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TABLE 18 


Serum from person with smallpox; tenth day of disease; very mild infection 


ANTIGENS 
DOSE SERUM 
(1) (7) (10) 
NaCl extract NaCl extract NaCl extract Wenserriane 
cowpox virus smallpox scabs cowpox virus < 
cc. 
0.01 — - _ = 
0.05 _ = a = 
0.1 -- = = =a 
0.1 _ = = , 
Serum control 
TABLE 19 


Serum from person with smallpox; twelfth day of disease; very mild infection 


ANTIGENS 
DOSE SERUM 
(1) (7) (10) 
NaCl extract NaCl extract NaCl extract Wasserman 
cowpox virus smallpox scabs cowpox scabs PERE 
ce. 
0.01 | e2 = ee fa 
0.05 _ = ae rs 
Ort - = a a 
0.1 _ = = wi 
Serum control 
TABLE 20 


Serum from patient with smallpox on the nineteenth day of illness and seventeenth 
day of eruption, mild infection; practically no symptoms 


ANTIGENS 
(3) 
roamed NaCl ex- | Aleoholie (6) Nact | Algohotie | Wasser- 
tract cow- ore ane ewer extract extract eae 
pox virus al us variola variola Teaction 
cc. 
0.005 _ _ —_ = z= aA 
0.01 = = = = me a 
0.05 = = = = a Z 
0.1 4 + — =: = = 
0.2 as = ~ a - - 
0.2 = = = oa aa x 


Serum control 
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TABLE 21 


Serum from patient with smallpox on the twenty-first day of the disease and seven- 
teenth day of eruption; mild infection; never vaccinated 


ANTIGENS 
(8) ~ 
DOSE SERUM (1) Mlcaholic (6) (7) (1) Wasser- 
tract eow- | e%tact | Cowpox | NaCl, | Alcoholic | mann 
pox virus cee anus variola variola reaction 
cc. 
0.005 a = = = — = 
0.01 _ == = = _ _ 
0.05 _ = = = — = 
Ont — = = — _ — 
022 — _ — = _ _ 
0.2 _— = = — —_ — 
Serum control 
TABLE 22 


Serum from person that had smallpox thirty-nine years ago 


ANTIGENS 
(3) 
eee oa NaCiex- | Alcoholic (6) Navi | Aldoholie | Wasser- 
tract Sone extract owner extract extract 5 aan 
pox virus | COWPox Vebul variola variola ee 


virus 


Serum control 


festations. I am inclined to believe that the percentage of posi- 
tive reactions and the degree of complement absorption would 
have been higher with the sera of persons with the severer type 
of smallpox. 

The results of these examinations are summarized in table 24. 

An examination of this table shows: 

1. The sera of all patients reacted negatively in the Wasser- 
mann reaction. 
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TABLE 23 


Complement fixation in variola 


s 2 ANTIGENS 
NO. NAME HISTORY OF VARIOLA ae Nach EGA VACCINATION 
= ® | variola ed ea 
i PAaAG 9th day; very mild | — - — | 30 years ago 
2G aD 33rd day; very mild | — — — | Never vaccinated 
See) Bed: 3lst day; very mild | — — — | Never vaccinated 
4 |H.D.D.| 16th day; moderate | — | ++] + | Never vaccinated 
gee Ws fe © 17th day; mild — | ++} + | Never vaccinated 
6 ME 20th day; very mild — _ — | Never vaccinated 
4) D., 20th day; mild — ++ |} + | Never vaccinated 
SER G 7th day; mild — |++)} + | Vaccinated 24 days 
ago 
TABLE 24 
Summary of complement fixation tests in variola (serum inactivated, dose 0.1 ce. 
to 0.2 cc.) 
} | ANTIGENS 
} WASSER- "oe Sl Qgeeperel ee | 
wo] mame | vamove | anacotow | nice. | “enact | sey, | 
pox virus ss aa variola variola 
1 14 | Very mild — + 0 + 0 
2 15 | Very mild — ctects = aah = 
3 | 16 |Moderately 
_ severe — Sess = SPa5 = 
4 17 | Mild = a PSE = E+ = 
5 18 | Very mild - - 0 —- 0 
6 19 | Very mild -- ~ 0 — 0 
7 | 29 | Mild = “5 = sho = 
8 21 | Mild - — - a — 
9 22 | 39 years ago — - — = = 
10 23 =| Very mild _ = 0 = 0 
11 | 28 | Very mild - _ 0 - 0 
12 | 23 | Very mild - — 0 — 0 
13 | 23. | Moderate _ + 0 SSF 0 
144 | 23 |Mild - + 0 t+ 0 
15 23 Very mild — = 0 = 0 
16 23. = Mild = += 0 SES5 0 
dt?/ 23 + 0 =--- 0 


‘Mild - 
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2. Of the 17 sera, 9 or about 60 per cent reacted positively with 
one of the salt solution extracts of variolous material (contents 
of lesions or extracts of scabs). 

3. All sera reacting positively with the salt solution extracts 
of variolous material also reacted positively with a salt solu- 
tion extracts of cowpox virus prepared of material from inoculated 
calves. 

4. The degree of complement absorption was usually slightly 
greater with the variolous than with the cowpox antigens. 

5. Alcoholic extracts of variolous and cowpox materials yielded 
uniformly negative results. 

6. These reactions demonstrate the close biological relation- 
ship of the viruses of variola and vaccinia. 

7. While this series of reactions was too small to determine the 
possible value of complement fixation tests in the diagnosis of 
variola it is probable that such tests may prove of value with a 
salt solution extract of variolous material particularly the con- 
tents of vesicles or a salt solution extract of fresh cowpox virus 
(calf or rabbit) as antigens. The sera from persons with severer 
infections are more likely to yield positive reactions than the 
sera from persons with mild and atypical infections. 


CONCLUSIONS 


1. The sera of rabbits inoculated with cowpox virus yielded 
positive complement fixation reactions with salt solution anti- 
gens of cowpox and smallpox viruses in seven to eight days after 
vaccination. 

2. The antibody of cowpox virus in the sera of vaccinated ani- 
mals showed a distinct and close biological relationship to the 
antigen of variola in complement fixat’on experiments. 

3. Of 18 persons vaccinated with cowpox virus from seven 
days to ten years previously and whose sera yielded negative 
Wassermann reactions positive reactions with salt solution anti- 
gens of cowpox virus were observed with 4 or 22 per cent. The 
sera of one of these four persons yielding positive reactions 
(vaccinated 8, 21, 21 and 24 days previously) with cowpox virus, 
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reacted positively with a salt solution antigen of variolous mate- 
rial. The sera of unvaccinated persons reacted negatively with 
all antigens. 

4. Of 17 persons suffering with mild smallpox, the sera of 9 
or about 60 per cent yielded positive complement fixation reac- 
tions with salt solution antigens of variolous and cowpox viruses. 
While the degree of complement absorption was relatively weak 
in all instances the reactions were generally stronger with the 
variolous antigens than with the cowpox antigens. 

5. Alcoholic extracts of variolous and cowpox viruses possessed 
little or no antigenic sensitiveness. 

6. These complement fixation reactions have demonstrated the 
close biological relationship between the antibodies of vaccinia 
and variola; it is probable that complement fixation reactions 
with salt solution antigens of the contents of smallpox lesions 
or fresh cowpox virus will prove of some value in the diagnosis 
of smallpox. 

I wish to express my thanks to Dr. Emily L. Moshage and 
Dr. Arthur J. Casselman for assistance in collecting material 
for this work. 


BIBLIOGRAPHY 


(1) Joptine, James, W.: The occurrence of specific immunity principles in the 
blood of vaccinated calves. Jour. Exper. Med., 1906, viii, 707. 

(2) BerntTKER: Ueber das Verhalten der Bordetschen Reaktion bei Variola. 
Centralb. f. Bakteriol., 1909, orig. Bd. 48, 500. 

(3) Sugar, T.: Ueber den Komplementbindungsversuch bei Variola vera. Cen- 
tralb. f. Bakteriol., 1909, orig. Bd. 49, 650. 

(4) Daum: Serologische Untersuchungen bei Variola vera. Centralb. f. Bak- 
teriol., 1911, orig. Bd. 51, 136. 

(5) Krytorr, D.: Ueber die Komplementbindungsreaktion bei der Variolis 
und der Variola vera. Centralb. f. Bakteriol., 1911, orig. Bd. 60, 
651. 

(6) BermpBacu, P.: Untersuchungen uber den Impfschutz mittels der Bor- 
detschen Reaktion. Centralb. f. Bakteriol., 1909, orig. Bd. 48, 618. 

(7) XyLanpDER: Die Komplementbindungsreaktion bei Syphilis, Impfpochen 
und Anderen Infectionskrankheiten. Centralb. f. Bakteri, 1909, orig. 
Bd. 51, 290. 

(8) Trersstmr, P., AND GASTINEL, P.: De la reaction de fixation daus la vaccine 
et la variola. Centralb. f. Bakteriol., 1912-13, Referata, Bd. 55, 555. 


COMPLEMENT FIXATION IN VACCINIA AND VARIOLA 81 


(9) Kiern, A.: Komplementbinding bei Variola. Munch. Med. Wochnschr., 

1914, 61, Nr. 47, 2270. 

(10) Konscueaa, A. V.: Komplementbildung bei Variola. Munch. med. Wochn- 
schr., 1915, 62, Nr. 1, 4. 

(11) Koumer, J. A. anp CassELMAN, A. J.: Concerning the Wassermann reaction 
with normal rabbit serum. Jour. Med. Research, 1913, xxvii, no. 2, 
369. 

(12) Kotmer, J. A. AND Trist, M.: Non-specific complement fixation with nor- 
malrabbit serum. Jour. Infect. Dis., 1916, xviii, 20. 


THE FATE OF VARIOUS ANTIBODIES IN THE 
PRECIPITIN REACTION 


FREDERICK P. GAY anp RUTH L. STONE 
From the Hearst Laboratory of Pathology and Bacteriology, University of 
California 


Received for publication, December 15, 1915 


Gay and Chickering (1) have recently shown that the anti- 
bodies in antipneumococcus serum from the horse which protect 
animals from infection with the pneumococcus, may be com- 
pletely removed from the serum by specific precipitation pro- 
duced by adding extracts of pneumococcus to the serum. Such 
precipitates laden with the antibodies will preserve animals from 
infection as well as the original serum from which they are derived 
and may be greatly concentrated. These antibody laden pre- 
cipitates, moreover, contain only a fraction of the protein of the 
original serum at times only one-fiftieth or one-sixtieth of the 
amount. Although satisfactory protection and no particular 
harm followed the use of these protective precipitates in their 
original suspension, even when administered intravenously in 
animals, attempts were made to simplify the preparation by 
dissolving it. These attempts, which at first were not very 
successful, have since led to more satisfactory results in th 
hands of Chickering (2), who has investigated more closely the 
conditions under which the precipitate may best be produced 
for the purpose of bringing down all the antibodies, and has in 
particular shown that the protective bodies may be extracted 
from the precipitate by means of a dilute sodium carbonate 
solution at 42°C. This procedure still further reduces the pro- 
tein content of the protective derivative and indicates that the 
protective antibodies are mechanically adsorbed by the specific 
precipitate. 

The practical value of these observations is obvious and has 
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already been pointed out. The advantages that seem to attend 
the intravenous injection of large amounts of the strictly specific 
serum in two of the bacteriologically separate types of pneu- 
monia would be greatly enhanced by the concentration of the 
immune principles in the manner we have described; certain of 
the disadvantages of the current method depending on the infu- 
sion of large amounts of a foreign protein will certainly be avoided. 
A further possible advantage lies in the fact that purified anti- 
bodies prepared in this way in reality have the advantage of a 
sensitized vaccine, that is they contain both antigen (from the 
bacterial extract added to produce the precipitate) and anti- 
body, which in experimental animals rapidly gives rise to some 
degree at least of active as well as of passive immunity. 

The observations recorded for the pneumococcus antiserum 
suggested two profitable lines of inquiry. First, an investiga- 
tion of other antisera and antitoxins of recognized therapeutic 
value in reference to their possible concentration by similar 
methods of specific precipitation; and, secondly, the study of 
the properties of such purified antibodies as might be collected 
in this manner. This communication deals with the first series 
of data that have been collected along these lines. 

An enormous literature represents the work that has been - 
done on the theoretic and practical significance of specific pre- 
cipitin reactions since the discovery of Kraus in 1897. This 
literature deals largely with the specificity, the forensic employ- 
ment, and the physico-chemical conditions under which these 
reactions occur. Another considerable series of articles deals 
with the relation of precipitation to the reaction of alexin (com- 
plement) fixation or Bordet Gengou phenomenon. As one of 
us was first to point out (3) washed serum precipitates, at least 
under certain conditions, will fix alexin and indeed constitute, 
or better, contain the alexin fixing complex produced in a serum 
when mixed with its antiserum. More recent experiments (4) 
led us to believe that it is not the precipitate per se but rather 
the adherent antigen-antibody complex that fixes the alexin. 

A not inconsiderable literature, which has in most part been 
referred to in our first article on pneumococcus precipitates, 
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indicates that in certain combinations other antibodies may be 
brought down in the precipitin reaction. The references to 
these antibody absorptions by specific precipitates, has been to 
a large extent incidental and at all events no systematic study 
of the behavior of the various types of antibodies in the presence 
of precipitate formation has been made. It will simplify the 
presentation of our own data and their relation to already deter- 
mined facts if we consider certain of these type antibodies in 
turn in respect to their fate when they are present in a precipi- 
tate forming mixture. 


ANTITOXINS 


The most significant and best corroborated results bearing on 
the behavior of antibodies in the precipitin reaction are those 
derived from studies of antitoxins. Kraus and Eisenberg (5) en- 
deavored to produce antagonistic substances (‘‘anti-antibodies’’) 
to immune bodies derived from the horse, by immunizing rabbits 
either with normal horse serum or with antityphoid horse serum. 
The addition of tetanus antitoxin from the horse produced a 
precipitate in the immune rabbit serum but led to no diminution 
in the antitoxin content in the supernatant fluid. Similar results 
were obtained with the combination of rabbit antigoat serum and 
diphtheria antitoxin from the goat. The subsequent work of 
Dehne and Hamburger (6) showed that this failure to separate 
out antitoxin was due to the relative dosage of the reacting sub- 
stances employed by Kraus and Eisenberg who used an excess 
of precipitinogen (horse and goat serum) which, as was later 
discovered, inhibits the maximum formation of precipitate. 
Dehne and Hamburger by diluting the antitoxin 1-500 produced 
the maximum precipitate which was found to contain all the 
antitoxin. This tetanus antitoxin could then be liberated from 
the precipitate by solution in an additional amount of antigen 
(horse serum). It is interesting to note that the whole undis- 
solved precipitate does not protect and in this respect these 
results differ from ours with the pneumococcus protective pre- 
cipitate. Dehne and Hamburger also noted that similar results 
may be produced in vivo for they found that the introduction of 
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tetanus toxin from the horse into rabbits immunized against 
horse serum leads to a rapid disappearance of the antitoxin with 
the precipitinogen. These experiments were fully corroborated 
by Kraus and Pribram (7), Hamburger (8), and von Eisler and 
Tsuru (9) in so far as tetanus antitoxin is concerned. Similar 
conditions were shown to exist for diphtheria antitoxin by Weill 
Hallé and Lemaire (10) and by Atkinson and Banzhaff. (11). 

These observations, while of extreme theoretic interest, have 
led to no practical method of concentrating antitoxin owing to 
the extreme dilution of the antitoxin required to produce the 
maximum precipitate. In other words an excessive amount of 
antihorse serum (precipitin) would be required to precipitate 
any considerable amount of antitoxin (precipitinogen). It is pre- 
cisely because our method of concentrating pneumococcus pro- 
tective bodies is the reverse of this reaction that it is of potential 
practical value; the antibodies to be collected are in the pre- 
cipitin serum, which is the reagent used in excess, instead of the 
precipitinogenic serum which is used in far smaller amounts. It 
seemed to us important to determine at once whether it would 
be possible to concentrate diphtheria antitoxin by producing 
precipitins as well as antitoxins in the immunized animal, in other 
words, by immunizing against B. diphtheriae as well as against 
its toxins. 

Repeated attempts have been made to produce precipitins for 
the diphtheria bacillus by injections of increasing amounts of 
bacterial extracts, of dead, and later of living cultures of B. 
diphtheriae in rabbits. They have given entirely negative re- 
sults. Through the courtesy and codperation of Dr. Foster of 
the Cutter Analytic Laboratory, it has been possible to attempt 
a similar procedure in two horses that were already producers 
of diphtheria antitoxin. These two animals (nos. 103 and 107) 
were given in all 133 cultures of an atoxic strain of B. diphtheriae 
on Loeffler’s blood serum in seven spaced intravenous injections 
over one month. When their sera were tested a week after the 
last injection in doses of 1 cc., they gave no precipitin reaction 
with various doses of a clear extract of alcohol precipitated, dried 
and ground diphtheria bacilli. 
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It therefore seems improbable that it will be possible either for 
practical purpose or experimentally to concentrate diphtheria 
antitoxins by producing precipitins to the proteins of the bac- 
teria concerned in the antitoxin producing animals. 


LYSINS 


Sensitizers or amboceptors 


Under this heading we propose to discuss those substances in 
immune serum which produce visible solution of a cellular antigen. 
~We shall discuss the substances in serum that protect from injec- 
tion with the antigenic micro-organism separately without preju- 
dice as to their relation to these lysins, sensitizers or amboceptors. 
It is known from the work of Camus and Gley (12) and of Bordet 
(13) that when the normal or artificial hemolysin in a serum of 
species A is mixed with the serum of an animal immunized 
against serum A, the hemolytic power is neutralized. Owing 
to the conditions of the experiment in the light of subsequent 
information the question might well be raised as to whether this 
inhibition might not be due to the formation of a precipitate in 
the mixture rather than to the presence of real antihemolysins 
(antisensitizers, antiamboceptors). The subsequent work of 
Pfeiffer and Friedberger (14) and of Bordet (15) showed, how- 
ever, that an antihemolysin or an antibacteriolysin will not only 
neutralize the effect of a hemolysin or bacteriolysin, but will 
actually ‘‘cure’” blood cells or vibrios that have already been 
treated with heated immune serum (sensitized) and washed. 
These facts would seem te demonstrate the existence of actual 
antisensitizers rather than inhibition of sensitizer action by a 
specific precipitate. 

We find, however, no actual test as to the fate of the lysin when 
in the presence of precipitate formation apart from the work of 
Zebrowski (16), who found that the precipitinogen does not 
carry down the hemolysin. It is important not only to confirm 
this statement, which was based on somewhat indirect evidence, 
but also to test the reverse of the reaction, namely the fate of 
the lysin that accompanies a precipitin. In the case of reactions 
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with pneumococcus serum, at least, the fate of the protective 
bodies differs diametrically in accordance with whether it is asso- 
ciated with the precipitin or with the precipitinogen and for 
this reason we have endeavored to test both types of precipitate 
formation so far as possible. 


Bacteriolysins 


In order to test the effect of precipitate formation on bacterio- 
lysins we immunized rabbits against Sp. cholerae asiaticae the 
classical micro-organism for demonstration of Pfeiffer’s pheno- 
menon. ‘Three rabbits were given three or four injections of 
killed, and then four or five of living twenty-four-hour cultures 
of Sp. cholerae asiaticae in doses beginning in both instances 
with one-fifth and increasing to three-fifths of an agar slant. 
They suffered no appreciable loss of weight and were bled from 
seven to ten days after the last injection. 

The serum of rabbit 3, heated to 56°, was found to give a clear 
cut, granular transformation (Pfeiffer’s phenomenon) of fresh 
cholera vibrios in a dilution of 0.01 ec. with guinea pig alexin. 
It also agglutinated the micro-organism in considerably higher 
dilution, a matter to which reference will be made in another 
place. 

This rabbit anticholera serum also contains precipitins for ex- 
tracts of the cholera spirillum. Although it is relatively an easy 
matter to obtain some grade of specific reaction of this type, se- 
curing the maximal reaction may be more complicated and de- 
pendent’on more factors than the simple question of dosage. 
Pick (17) has shown that the precipitin reactions between anti- 
typhoid and anticholera sera and their respective antigens, dem- 
onstrate that the micro-organisms contain two definite precipi- — 
tinogenic substances, one contained in the filtrate from old bouil- 
lon cultures and the other obtainable from fresh cultures of the 
bacteria autolysed in sodium chlorid solution. These antigens 
designated as A and K, differ chemically and in particular call 
forth the action of corresponding precipitins in the antiserum so 
that a serum which has produced the maximum precipitate with 
antigen A would still react as well as whole serum with K, al- 
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though it no longer reacts with A. Our work with pneumococ- 
cus indicates that the concentration of protective bodies in their 
entirety is much more likely when the maximum precipitate has 
been obtained. For this reason we prepared cholera extracts in 
two different ways, corresponding, although not identical with 
the method prescribed by Pick. 


1. Cholera extract no. 1 was prepared by growing the organism in 
bouillon for four weeks in the incubator and passing through a Berke- 
feld filter. 

2. Cholera extract no. 2 was made by suspending forty-eight-hour 
cultures of Sp. Cholerae in saline, precipitating with 3 volumes of ace- 
tone, centrifugalizing, and drying the bacterial sediment. This sedi- 
ment was ground in an agate mortar and suspended in saline in the 
proportion of 1 mgr. to 1 cc. of carbolated saline (0.5 per cent). This 
mixture was boiled for three minutes and re-centrifugalized and the 
clear supernatant fluid is used for precipitin reaction. 


The serum of rabbit 1 gives a good precipitin reaction with 
both of these extracts of cholera vibrios and with equal inten- 
sity. 0.05 ce. of either filtrate produced a marked flocculation 
with 0.5 cc. of serum. Heating the serum to 56° apparently 
does not reduce the precipitin potency. 

Mixtures were then made with filtrates in the following pro- 
portions: 


1. Rabbit anticholera serum no. 3, 56° 5 ec. + broth filtrate cholera, 
2 ce. 

2. Rabbit anticholera serum no. 3, 56° 5 ec. + boiled extract cholera, 
oCe. 

3. Rabbit and cholera serum no. 3, 56° 5 ec. + bouillon, 2 ce. 


These mixtures after shaking were left over night at room tem- 
perature. Marked precipitates settled out in tubes 1 and 2. 
After centrifugalizing these two tubes the same materials were 
added to the supernatants as before, i.e., broth filtrate to no. 1, 
boiled antigen to no. 2, and bouillon to no. 3. Slight further 
precipitation occurred in 1 and 2. 

The supernatants 1 and 2 were then tested with the crossed 
bacterial extracts as follows: 
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A. Supernatant no. 1, 0.5 ec. + boiled extract 0.5 cc. 
B. Supernatant no. 2, 0.5 ce. ee + broth filtrate 0.5 ce. 


No precipitate was evident on standing indicating that with 
our sera and antigens no separate precipitins and precipitinogens 
can be found as did Pick. 

The supernatant fluids in which the maximum precipitates 
had been found, were then tested for their ability to produce 
Pfeiffer’s phenomenon as compared with the original diluted 
serum (tube 3). 

TABLE 1 


Pfeiffer’s phenomenon with rabbit anticholera serum before and after precipitation. 
Miztures as follows: 


1. Supernatant 1,0.1* + guinea pig alexin 5% 1 ce.** + cholera vibrios 0.5 ce. 
2. Supernatant 1,0.02 + guinea pig alexin5%1cc. + cholera vibrios 0.5 cc. 
3. Supernatant 1,0.01 + guinea pig alexin5%1cc. + cholera vibrios 0.5 ce. 
4, Supernatant 1, 0.002 + guinea pig alexin5%1cc. + cholera vibrios 0.5 ce. 
5. Supernatant 1, 0.001 + guinea pig alexin5%1cc. -+ cholera vibrios 0.5 ce. 


6. Supernatant 2,0.1* + guinea pig alexin 5% 1 cc.** + cholera vibrios 0.5 ce. 
7. Supernatant 2,0.02 + guinea pig alexin5%1cc. -+ cholera vibrios0.5 ce. 
8. Supernatant 2,0.01 + guinea pig alexin5%1cc. -+ cholera vibrios 0.5 cc. 
9. Supernatant 2, 0.002 + guinea pig alexin5%1cc. + cholera vibrios 0.5 ce. 
0 


10. Supernatant 2,0.001 + guinea pig alexin5%1cc. + cholera vibrios 0:5 cc. 
DUS UNO Lee a oiece 0.1* + guinea pig alexin 5% 1 cc.** + cholera vibrios 0.5 cc.f 
AQ lurdis ie ees 0.02 + guinea pig alexin5d%1ecc. + cholera vibrios 0.5 cc. 
lists LON NBIsoe5 ool 0.01 + guinea pig alexin5%1cc. + cholera vibrios 0.5 ce. 
HAR EUde Sheers 0.002 + guinea pig alexin5%1ce. + cholera vibrios 0.5 ce. 
TSS LIONS) Sola tons 0.001 + guinea pig alexin5%1cc. + cholera vibrios 0.5 ec. 
Gs NaCl ae ese: + guinea pig alexin5%1ec. -+ cholera vibrios 0.5 cc. 


* To volume of 1 cc. in 0.85 per cent saline. 
** Fresh mixed twenty-four hour serum from two guinea pigs. 
+ From a twenty-four hour agar slant of sp. cholerae suspended in 5 cc. saline. 


These two mixtures were incubated at 37.5°C. for two hours 
and smears made from each tube were stained with dilute carbol 
fuchsin or toluidin blue. A complete granular degeneration of 
practically all the vibrios was the criterion of a positive Pfeiffer’s 
phenomenon. ‘The reaction was complete in the following tubes; 
1, 2, 3, 6, 7, 8, 11, 12, 13 and absent in the remaining tubes. This 
experiment shows clearly that the maximum precipitate in an 
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anticholera serum from the rabbit produced by adding extracts 
of cholera spirilla has no effect on the content of the serum in its 
specific lysins. The experiment was repeated with identical re- 
sults with the serum of rabbit 3. The serum of rabbit 2, al- 
though containing agglutinins and lysins, had no precipitins for 
the extract. 


Bacteriolysins in combination with precipitinogen 


For the purpose of this and other experimental combinations a 
goat was immunized by repeated intravenous injections of nor- 
mal rabbit serum. This goat serum gave precipitin reactions 
readily with normal or immune serum from the rabbit. Rabbit 
anticholera serum was precipitated by this goat antirabbit serum 
as shown in the following protocol: 


1. Rabbit anticholera serum 56° 0.5 cc. + goat antirabbit serum, 56°, 
4 ce. ' 
2. Rabbit anticholera serum 56° 0.5 cc. + NaCl, 4 ce. 


On standing for four hours at room temperature a marked 
precipitate was present in 1. To the supernatant of tube 1 and 
to tube 2 was then added an additional 0.5 cc. of the heated anti- 
cholera serum. A trace more precipitate had formed in no. 1 on 
standing over night. After recentrifugalizing a third addition of 
0.5 ec. of the anticholera serum was made and four hours later, 
when no precipitate was found, the two fluids were tested in de- 
scending doses for their ability to produce Pfeiffer’s phenomenon 
in the manner just described. 

The precipitated anticholera serum produced a complete Pfeif- 
fer’s in a dilution of 0.025! cc. and the serum simply diluted went 
to the same dilution but no further. 

No bacteriolysin then is brought down through association 
with a precipitinogen. 


Hemolysins 


We have already mentioned that Zebrowski (16) found the 
hemolytic sensitizer unaffected by precipitate formation. His 


‘Reckoned from original serum volume. 
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experiment consisted in adding the serum of a rabbit immu- 
nized against dog serum to the serum of a dog that had been 
immunized against bovine red blood cells. A precipitate re- 
sulted and the supernatant fluid contained a hemolysin for bo- 
vine red blood cells as active as before. In this combination 
the lysin is present in the precipitinogenic serum. It seemed 
wise to test the reverse phenomenon and also to add other ex- 
amples to these observations of Zebrowski. 


A. Hemolysins in combination with precipitin 


One series of rabbits was immunized against wnwashed guinea pig 
blood by repeated intravenous injections and another series against 
unwashed sheep blood, the object in using unwashed corpuscles 
being to produce a precipitin as well as a hemolysin. After im- 
munization it was found that the sera of the rabbits immunized 
against guinea pig blood contained (a) lysins for washed guinea 
pig corpuscles; in which case rabbit alexin (complement) was 
employed; (b) agglutinins for guinea pig corpuscles; (c) precipi- 
tins for guinea pig serum. The sera of rabbits immunized 
against unwashed sheep blood showed the presence of lysins and 
precipitins but no agglutinins. 

On producing various degrees of precipitation by employing 
various amounts of the antigenic serum it was found invariably 
that the subsequent supernatant fluids contain as much hemo- 
lysin as before the treatment in both combinations. This may 
be illustrated by the following experiment: 


The following mixtures were made: 

A. Serum rabbit antisheep blood no. 7, 56° 2 cc. + sheep serum 
56°, 0.03 in 3 ce. 

B. Serum rabbit antisheep blood no. 7, 56° + NaCl, 3 ce. 


A voluminous precipitate was formed in A which was allowed 
to stand at 37° for one hour. No precipitate in B. Fluid A 
was centrifugalized and the supernatant titrated for its content 
in hemolytic sensitizer in comparison with B employing guinea 
pig alexin in a dose of 0.05 cc. and 1 cc. of washed 5 per cent 
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sheep blood, with the resultant hemolysis shown in table 2. 
In another experiment three successive doses of the sheep serum 
as above (total 0.09 in 9 cc.) was added to the hemolytic serum 
with the faintest possible precipitate on the second addition and 
none on the third. There was no difference from the result 
with the hemolytic titer over that to be described. 


TABLE 2 


HEMOLYSIS 
TWO HOURS 


1. Supernatant A..0.002* in 1 ec. + washed sheep blood 5% 

DGG sty alex DOIG CHE ce aio bo. onic crates ees Complete 
2. Supernatant A..0.0002 in 1 ec. + washed sheep blood 5% 

INCe=:-}- AIC RINGS pC Cme ect es eas Complete 
3. Supernatant A..0.0001 in 1 cc. + washed sheep blood 5% 

icce-- valeximesoaelyceaeeriqee.. sone 4 sae Partial 
4. Supernatant A..0.00005 in 1 cc. + washed sheep blood 5% 

ccs valeximey%, liceasmc nc jocce oe: None 
Jean OWe LO) Bee nein ae 0.002 in 1 cc. + washed sheep blood 5% 

CO Ale XIN OF Gila CON ters Peirce 4 A ayacas se Complete 
GreBlurd Be oo... 0.0002 in 1 cc. + washed sheep blood 5% 

ce. = alexi O96 1hCC8 tee. cio sees Complete 
(epblurds Bro... 22: 0.0001 in 1 cc. + washed sheep blood 5% 

Ions = ENG aay GA MOOS Jie Soun op domeu soe Partial 
Seebilind see. a 0.00005 in 1 cc. + washed sheep blood 5% 

XC CH ralexXIne5 oA nluCG ates ae None 
2) INIERCH ES : Pee rere eee eee Coe 1 cc. + washed sheep biood 5% 

ikces-\aleximene/aplecea vec aah e eras None 


* Reckoned from original volume of serum. 


Other experiments show that the washed precipitate from the 
original combination of sera after solution in normal rabbit serum 
has no hemolytic activity for sheep corpuscles. 


B. Hemolysins in combination with precipitinogen 


Combinations of goat antirabbit serum 4 cc. and either rabbit 
antiguinea pig serum or rabbit antisheep serum were made, the 
precipitate allowed to form at 37° and the supernatant fluid 
tested for hemolysins as compared with a similar dilution of the 
hemolytic rabbit serum in saline solution. The results of such 
experiments may be summarized as follows: 
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A. Rabbit antisheep serum 56° 1 cc. + goat antirabbit 56°, 4 ce. 
B. Rabbit antisheep serum 56° 1 ec. + NaCl, 4 ce. 


Hemolytic titer (complete hemolysis) of supernatant of A 
after precipitation with 1 cc. of 5 per cent pig guinea alexin 
and 1 ce. of a 5 per cent suspension of washed sheep blood was 
0.0000625 and precisely the same with fluid B. 

In a similar experiment with rabbit antiguinea pig serum, 
56°, the complete hemolytic dose for 1 cc. 5 per cent washed 
guinea pig blood, employing 1 cc. of a 10 per cent solution of fresh 
rabbit serum as alexin, was found for both precipitated and 
simply diluted serum to be 0.005 ec. In both these experiments 
a control supernatant fluid from a mixture of normal rabbit serum 
and goat antirabbit serum was found to have no hemolytic ef- 
fect on the corpuscles employed. 

It would seem evident from these experiments that hemolysins 
and bacteriolysins from the rabbit, at least in the combinations 
employed, are not affected by natural association with a precipi- 
tinogen or precipitin that may enter into a precipitin reaction. 


AGGLUTININS 


Some data are already at hand concerning the fate of agglu- 
tinins in the precipitin reaction. We have already described the 
observations of the pneumococcus agglutinins in the precipitate 
that collects the protective bodies (1). We found it relatively 
difficult to deprive the serum entirely of its agglutinins, which 
bodies moreover are present in relatively weak concentration. 
Pick (17) found that the agglutinins in antityphoid and anti- 
cholera serum from the horse were not brought down in the pre- 
cipitin reactions he described, 7.e., when the agglutinins are asso- 
ciated with the serum containing the precipitin. Similar results 
were found by Kraus and Eisenberg and by Radzievsky (18). 
Kraus and Pribram (7) found that agglutinins were sometimes 
brought down and sometimes not. V. Eisler and Tsuru that 
normal hemagglutinins in bovine serum were usually removed by 
precipitiation whereas immune bacterial agglutinins sometimes 
were and sometimes were not. Landsteiner and Prasez (19) 
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found normal hemagglutinins and bacterial aglutinins brought 
down in precipitate formation. 

The question then seems an open one and it seemed impor- 
tant to investigate in particular the behavior of agglutins in ac- 
cordance with their association with both precipitin and precipi- 
tinogen. 


Bacterial agglutinins 


The rabbit anticholera serum that we have already described 
agglutinates as well as dissolves cholera spirilla and the former 
of course without the adjuvant alexin. In the experiment de- 
scribed under bacteriolysins (table 1) it was found that the limits 
of agglutinin titer with the precipitated anticholera sera (super- 
natants 1 and 2) and the simply diluted anticholera serum (fluid 
3) was exactly the same, namely 0.002 cc. This result was uni- 
formly obtained in other experiments. 

In the next experiment (p. 91) in which the agglutinating 
serum accompanied the precipitinogen, the precipitated serum 
gave an agglutination titer of 0.001 cc. and the diluted serum of 
0.0005 cc., a slight difference and within the limits of experimental 
error. 

Rabbits and goats were immunized against the typhoid bacil- 
lus by repeated intravenous injections of a mixed vaccine pre- 
pared from six recently isolated strains of B. typhosus. A killed 
(carbolic acid 0.5 per cent) polyvalent vaccine was first used, 
followed by a living vaccine. 

An experiment may be given showing the fate of the aggluti- 
nin when the rabbit antityphoid serum employed was used 
either as a precipitinogen or as a precipitin. Preliminary experi- 
ments with this serum showed that precipitates could be readily 
produced with unheated rabbit antityphoid serum, whereas when 
the serum was heated, little or no result was produced on adding 
extracts of the typhoid bacillus. Two solutions of precipitino- 
' gen were tested: 

A. A solution of dried typhoidin (20). This is prepared from 
a ten-day cultute of B. typhosus in 5 per cent glycerine boullion 
evaporated to one-tenth volume at 56° and precipitated with 
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twenty volumes absolute alcohol; washed with absolute alcohol 
and ether and dried. The resulting powder is dissolved in an 
amount of carbolated saline solution equivalent to the original 
bouillon before evaporation, 1.e., about 6 grams to the liter. 

B. An extract of typhoid bacilli prepared by precipitating the 
organisms from saline by equal parts of absolute alcohol. These 
killed bacteria are dried in partial vacuum over H.SO,and ground. 
The dried ground bacteria are then extracted in carbolated saline 
and the clear supernatant fluid used as a precipitinogen after 
removing the sediment. A better precipitate is produced when 
this supernatant extract is boiled. 

Experiments show that the precipitation of the fresh antity- 
phoid serum with either of these extracts removes the precipitin 
for the other extract and in the doses used in the following ex- 
periment the totality of precipitin is formed by a single addition 
to the antigen. In the final experiment the following mixtures 
were prepared: 


1. Unheated rabbit antityphoid serum 1 ec. + NaCl, 4 ce. 

2. Unheated rabbit antityphoid serum 4 cc. + boiled typhoid ex- 
tract b., 1 ce. 

3. Unheated rabbit antityphoid serum 1 ec. + goat antirabbit serum 
56°, 4 cc. 


These mixtures stood at 37°C. for two hours and then over night 
at ice box temperature. Precipitates were formed in 2 and 3. 
The agglutinin titer of the supernatant fluids of 2 and 3 and of 
fluid 1 was then determined by adding to decreasing doses of 
the serum dilutions in 1 ec. three drops of a stock formalinized 
suspension of B. typhosus (macroscopic method) and reading on 
the following day after allowing them to stand at room tem- 
perature. The titer of each dilution reckoned from the original 
agglutinating serum employed was the same, namely 1 to 10,000. 

In a similar experiment antityphoid serum from goats was pre- 
cipitated by adding four successive doses of the boiled typhoid 
extract ‘“‘B” to the sera with appropriate controls. The maxi- 
mum precipitate was produced in the first addition but subse- 
quent additions produced traces of precipitate. Twenty-four 
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hours were allowed to elapse between each addition and the 
titer of each serum dilution determined with the following re- 
sult: 


TABLE 3 
Agglutinin titer of antityphoid sera from goats with and without previous precipitate 
formation 
1. Serum of Goat C diluted in saline titer.............................. 1-800 
2. Serum of Goat C after precipitation titer............................ 1-400 
aeoerum!-of, Goat © diluted in saline titer...........2 5.0. .2).0 200 ah 1-6400 
4. Serum of Goat D after precipitation titer............................ 1-3200 


This last experiment does indicate a slight reduction of agglu- 
tinin titer after precipitation which, however, is within the limit 
of experimental error when one considers that successive dilu- 
tions were made by multiplying by two so that the results express 
the difference of a single tube only in the series. The general 
conclusion is that the immune bacterial agglutinins tested were 
not affected by the formation of a precipitin reaction whether the 
immune serum was associated with precipitin or precipitinogen. 


Hemagglutinins 


The properties of the sera of rabbits immunized against guinea 
pig blood have already been discussed under the heading of 
hemolysins. Such sera agglutinate guinea pig red blood cells as 
well as hemolyse them. In precipitated serum prepared as de- 
scribed either by adding heated guinea pig serum 56°, to rabbit 
antiguinea pig serum 56°, or by adding rabbit antiguinea pig 
serum 56° 1 part to Goat-anti-rabbit serum 56°, 4 parts, it is 
found that the hemagglutinin is present in as high dilutions as 
in the control with saline. We conclude therefore that immune 
hemagglutinins as well as bacterial agglutinins remain unaf- 
fected by precipitation. 


FIXATION ANTIBODIES 


Gengou (21) showed some years ago that soluble antigens, 
serum, fibrinogen, milk and the like, when mixed with their an- 
tisera, give rise to alexin fixation, the phenomenon previously de- 
scribed by Bordet and Gengou (22) with cellular antigens. As 
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one of the writers was first to show this phenomenon when it 
takes place in a mixture of serum and its antiserum is appar- 
ently caused by the specific precipitate which usually occurs in 
such a mixture. It has since been shown that this fixation re- 
action may occur in absence of visible precipitate, a fact which 
does not of necessity rule out the possibility of an invisible pre- 
cipitate or change in colloidal condition essentially similar to the 
precipitin reaction. Further study (4) of combinations in which 
precipitate formation was coincident with fixation led us to the 
conclusion that the precipitate does not fix per se, but owing to 
the presence of a combination of soluble antigen and antialbu- 
minous sensitizer adherent to it. This conception which we still 
hold represents simply further experimental evidence of Gengou’s 
original proof of the existence of antialbuminous sensitizers. 

Extracts of bacteria plus corresponding antibacterial sera fix 
alexin as rapidly as the whole bacteria plus antiserum. In com- 
binations such as these Haendel (23) noted the parallelism be- 
tween fixation and precipitation. Toyosumi (24) decided that 
fixation by vibrios and specific antiserum is produced by the pre- 
cipitate formed and not by a union of the cell with its sensitizer. 
Crendiropoulo (25) in a similar set of experiments found that 
fixation is due to an extra cellular mixture of an extractive from 
the vibrios with the serum and not to the lytic sensitizers or 
amboceptors fixed on the cell. The results agree with those of 
Neufeld and Hiine (26) and Neufeld and Haendel (27) who con- 
clude that special antibodies, ‘‘Bordet’s antibodies,” and not 
the bacteriolytic amboceptors are responsible for fixation in these 
combinations. The further confirmation of these latter experi- 
ments becomes evident when we describe the fixing properties 
of certain of the precipitates we have already described. 

The technic we employ in alexin fixation experiments has 
been described in previous publications (4) and need not be re- 
peated here. It may suffice to add that in the summary follow- 
ing the results given as indicating the locus of the fixing com- 
plex in supernatant fluid or precipitate do not in all instances indi- 
cate that complete fixation, that is complete absence of hemoly- 
sis, was obtained. The differences are relative, not absolute, as 
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the interest has been to determine whether the fixation complex 
lay in one part of the precipitated mixture rather than the other. 
In most of the instances given the experimental results were re- 
peated at least once. In the combinations to be given precipi- 
tates were produced in one of two ways; either by adding a 
serum to its antiserum, or by adding a bacterial extract to its 
antiserum. In all instances the maximum precipitate was pro- 
duced by successive doses of the precipitinogen. The results of 
many experiments and several combinations are summarized in 
the following table. 
TABLE 4 


Residence of fixation complex in a specific precipitin combination 


COMPLEX 


. Rabbit antisheep serum + sheep serum...| Fixation complex in precipitate. 
2. Rabbit antiguinea pig serum + guinea pig 


— 


SERUM ee as ane ye, 22 ots Ny ats, Sets eh e) Fixation complex in precipitate. 
3. Rabbit antiegg serum + egg.............. Fixation complex in precipitate. 
4. Rabbit antihorse serum + horse antipneu- 

TAO COCCUSEGELUM wee aan eee Fixation complex in precipitate. 
5. Rabbit antihorse serum + horse serum. ..| Fixation complex in precipitate. 
6. Goat anti-rabbit serum + normal rabbit 

SODIUM eeynan eras ees fi ec jL en te Fixation complex, supernatant. 
7. Goat anti-rabbit serum + rabbit anti- 

CLNOIETE Ta Gs CI Ne Oe ee Fixation complex, supernatant. 
8. Goat anti-rabbit serum + rabbit anti- 

sling 5 LETS Sa eet ae ae eee eee No fixation in spite of volumi- 


nous precipitate. 
9. Horse antipneumococcus serum + extract 
OlPNEUMOCOCCURT.. 14.4 oN ioos ods cat of Fixation complex in supernatant. 
10. Goat antityphoid + extract of B. typhosus| Fixation complex in supernatant. 


11. Rabbit anticholera + extract sp. cholerae.| Fixation equal in precipitate and 
supernatant. 


It will be seen from this table that the majority of combina- 
tions of serum and antiserum fix alexin in the precipitate frac- 
tion as was expected from previous work. The exceptions are 
with antisera from the goat where fixation was produced by the 
supernatant part or in one instance where there was no fixation 
atall. It should be noted that in these combinations the precipi- 
tate, although eventually considerable, was very slowly formed, 
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an observation which would agree with certain results of Dean 
(28). In the mixtures of bacterial antiserum and extracts of 
bacteria, the fixing property seem to lie largely in the super- 
natant fluids. 

We regard these observations again as indicating that the 
fixation complex is separable from the precipitate although fre- 
quently adherent to it. 


PROTECTIVE ANTIBODIES 


The last observations on fixation antibodies are of interest in 
their relation to the behavior of the actual curative or protective 
bodies in serum. As we have shown before and repeated in the 
above connection, the entirety of the protective power of anti- 
pneumococcus serum from the horse is brought down with the 
precipitate whereas the fixation antibodies are present in the 
supernatant. Conversely the precipitate produced by the com- 
bination rabbit antihorse serum and horse antipneumococus 
serum fixes alexin but the protective bodies against pneumo- 
coccus infection are in the supernatant. There seems then direct 
proof that the protective bodies (tropins or lysins) are separate 
from the fixation antibodies in antipneumoccccus serum. Similar 
results are indicated by some experiments on the protective value 
of rabbit anticholera serum in mice. The supernatant fluid con- 
tains all the protecting bodies although the fixation is produced 
by both the precipitate and supernatant fluids. Other combi- 
nations of this sort may be worthy of further consideration. 

In an attempt to parallel the pneumococcus work more closely 
with similar antisera, we have met with entire failure. Two 
specimens of polyvalent antimeningococcus serum from the 
horse, one given us by Dr. Flexner and one from the Cutter 
Analytic Laboratory in Berkeley, both failed to give precipi- 
tates with extracts of the meningococcus prepared as for the 
pneumococcus work. Antistreptococcus serum from the Cutter 
Laboratory failed to yield precipitates with extracts of some of 
the strains of streptococcus used for immunization. 
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SUMMARY 


Previous work has shown that at least certain antibodies may 
be brought down in the course of a specific precipitin reaction. 
Antitoxins (Dehne & Hamburger, Weill-Hallé and Lemaire); 
fixation antibodies (Gay); and the protective bodies of anti- 
pheumococcus serum (Gay and Chickering) are instances of 
this phenomenon. It seemed advisable to undertake a more 
systematic study of the several types of antibodies to learn how 
frequent this occurrence may be. It would be of great service 
to separate out antibodies in this manner as they could then be 
studied in a condition relatively free from other proteins and 
certain very practical results might be obtained with curative 
sera. 

Attention is drawn to the fact that in the combinations noted 
above in which successful results have been obtained, the anti- 
body adherent to the precipitate may have been originally asso- 
ciated with either the precipitinogen or with the precipitin. 
This is a matter not only of theoretic interest, but of practical 
importance in concentrating antisera. For this reason we have, 
so far as possible, endeavored to trace the antibody when it is 
associated with both factors in the precipitin reaction. 

Our results have, for various reasons, been entirely negative, 
at least in so far as separating out antibodies is concerned. They 
seem, however, of value as being the first attempt at a systematic 
study of this kind and as saving others from fruitless endeavor. 

The previous method of bringing down antitoxins with the 
precipitin has been shown in those instances in which the anti- 
toxic serum served as the precipitinogen in the reaction. We 
have attempted to reverse the phenomenon by producing both 
antitoxins and precipitins to the diphtheria bacillus in rabbits and 
horses. Our results hitherto have been without result, owing to 
the fact that we have not succeeded in producing precipitins in 
these animals. 

Experiments with various combinations have shown that 
both bacteriolysins and hemolysins when associated either with 
the precipitinogen serum or with the precipitin serum are not 
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brought down in the formation of the precipitate. Similar 
negative results were obtained with artificial bacterial aggluti- 
nins and hemagglutinins. 

Experiments on the fate of the fixation antibodies in the pre- 
cipitin reaction shown, in general, that when the precipitate is 
produced by adding serum to its antiserum the fixation complex 
is present in the precipitate. This is by no means universal, as 
others have pointed out, and the fixation complex may lie in the 
supernatant fluid, or in both the supernatant fluid and the pre- 
cipitate. ‘The difference in results would seem to depend some- 
what upon the rapidity of the precipitate formation without 
relation to its actual intensity. When bacterial extract is added 
to an immune serum the fixation complex seems usually present 
in the supernatant fluid. 

In certain combinations it seems definitely shown that the fixa- 
tion complex is present in that fraction (supernatant or precipi- 
tate) in which the protective bodies are absent. Thus in the 
case of pneumococcus precipitate produced by adding the ex- 
tract of pneumococous to antiserum from the horse, the protec- 
tive bodies are present in the precipitate and the fixation com- 
plex is present in the supernatant fluid. The exact reverse is 
true in a combination of rabbit antihorse serum and horse anti- 
pheumococcus serum. 

We have not been able to find precipitins in the antisera to 
meningococcus and streptococcus from the horse which are 
used for curative purposes, and which were produecd in a 
manner similar though perhaps not identical to the pneumo- 
coccus serum which we previously investigated. 
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The subject of the tissue lesions in anaphylaxis, and especially 
in chronic anaphylaxis, has attracted the attention of but few 
investigators. The phenomenon of Arthus (1) is well known. 
He found that the repeated subcutaneous injection of small 
amounts of horse serum into rabbits at intervals of five to seven 
days eventually produced infiltration, edema, sterile abscesses, 
and gangrene of the part, even though the injections were given 
in different locations. This effect was noted without the definite 
production of anaphylactic shock. Gay and Southard (2) 
studied the lesions of acute anaphylaxis. They reported finding 
three types of lesions. The first was hemorrhage, and in many 
cases this was plainly due to lesions of capillary endothelium. 
The second was fatty changes, principally in capillary endo- 
thelium, but also noted in voluntary muscle, heart muscle, nerve 
fibres, and in some epithelial structures. The third was a 
“‘species of alteration”’ in the large nerve cells of the spinal cord 
and bulb, but this was stated to be within the limits of error of 
staining, and probably secondary to nerve fiber changes. Long- 
cope (3) states that he has frequently observed similar changes 
in his own animals, but Rosenau and Anderson (4) repeating the 
work of Gay and Southard, considered the hemorrhages of but 
little importance, and were unable to find the other lesions 
mentioned. Later Gay and Southard (5) studied the effect of 
repeated anaphylactic shock, but were unable to produce chronic 
lesions. Schlecht and Schwenker (6) repeating and extending 
the work of Friedberger (7), who produced a ‘‘sterile pneumonia”’ 
by intratracheal sprays of horse serum in sensitized animals, 
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found proliferation of alveolar epithelium and a fibrinous exudate 
containing many eosinophiles within the alveoli. Dale (8) 
showed that the reaction of anaphylaxis is essentially cellular 
by perfusing the uterus of a sensitized guinea pig for some 
time, and showing that it still reacted typically to antigen.. It 
might be inferred from this that cellular lesions might be ex- 
pected in anaphylaxis. Worzekowsky and Kundratitz (9) and 
Beneke and Steinschneider (10) report granular and waxy changes 
and fragmentation of skeletal and heart muscle in acute ana- 
phylaxis. Longcope (11) reports the results of repeated ana- 
phylactic shock induced in dogs, cats, rabbits, and guinea pigs 
by the injection of horse serum and egg-white, separately and 
in combination. He reports finding chronic changes in peri- 
toneum, lungs, liver, heart, and kidney. The most frequent and 
striking changes were in the kidney. These changes consisted 
primarily in a localized necrosis of tubular epithelium, accom- 
panied by round celled infiltration, which, in some cases, became 
so marked as to obscure the kidney structure. In the most 
marked cases the glomeruli showed a fibrous thickening of the 
capsule, proliferation of capillary endothelium, with occasionally 
complete hyalin degeneration of the tuft, and sometimes pro- 
liferation of capsular epithelium. Those cases dying from acute 
anaphylaxis showed cloudy swelling of the cells of the convoluted 
tubules, and extreme congestion of the glomeruli. In a later 
paper Longcope (12) describes heart lesions obtained in a similar 
manner in rabbits and other animals. These lesions consist of 
focal necroses, round celled infiltration, and later deposition of 
scar tissue, so as to produce the appearance of interstitial 
myocarditis. 

The present paper deals with the results obtained by attempt- 
ing to produce kidney lesions by inducing repeated anaphylactic 
shock in animals. Rabbits and guinea pigs were used at first, 
but for various reasons the rabbits were unsatisfactory, there- 
fore the results reported here are based upon the findings in 
guinea pigs alone. Beef serum and egg-white were used as 
antigens. All of the injections were given intraperitoneally. 
Sensitizing doses ranged from 0.001 to 1 ec. The interval be- 
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tween the sensitizing dose and the first toxic dose varied from 
ten to twenty-five days but it was usually not less than twenty 
days. The toxic doses ranged as high as 10 cc., the serum 
being used undiluted, and the egg-white in a 50 per cent solution, 
but the attempt was made to give in any given case the smallest 
amount that would produce a marked anaphylactic shock. Some 
of the animals received as many as 19 toxic doses, but the 
average was 9. Some of the animals were under observation for 
longer than eight months, but the average was about four months. 
Those animals that died with acute anaphylaxis were posted 
at once. Others were killed at varying intervals up to eight 
weeks after the last injection. Organs were fixed in formalin 
and Zenker’s fluid and stained with hematoxylin and eosin, and 
some were run through by the Marchi method as well. 

It is, of course, difficult to so regulate the dose as to give an 
animal repeated anaphylactic shocks and still keep it alive. If 
the dose is too large the animal dies; if the dose is too small, no 
shock is produced, and the animal becomes refractory to any- 
thing but very large doses, and it is not practicable to give 
guinea pigs intraperitoneal injections much larger than 10 ce. 
After a single large dose had been given the animal was usually 
completely refractory for several weeks. For convenience the 
shocks were classified as mild, moderate, and severe. In a mild 
shock the animal would at first be very quiet, then become uneasy 
and scratch itself, especially about the head. There was fre- 
quently twitching of the ears. The hair about the head and neck, 
and sometimes over the whole body, became ruffled, respirations 
were deeper than normal and urination and defecation were 
noted. Ina moderate shock, in addition to the above symptoms, 
the animal would lie on its side and appear prostrated. It would 
not resist handling, and would frequently show muscular twitch- 
ing. Respirations were labored. In a severe shock these symp- 
toms would be exaggerated, and last for a longer time. The 
animal would appear drowsy and almost comatose, and would 
frequently show convulsive movements. Respirations were often 
rapid and shallow. 

The urine was not examined systematically, but a few speci- 
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mens were examined, and no albumin was found. None of the 
animals lost weight or appeared to suffer in general health dur- 
ing the experiment. Indeed, all of the animals gained rather 
rapidly in weight, but this was probably due to the fact that 
young animals were used for the experiments in nearly all cases. 

Three types of controls were used: normal animals; animals 
dying from a single shock (to show that the lesions were not the 
result of acute anaphylaxis) and animals receiving many (12 to 
15) doses of protein so spaced as to avoid producing anaphy- 
laxis (to show that the lesions were not the result of the protein 
itself, but of the shock produced.) 

Some typical protocols are given: 


Guinea pig 5. Male, 300 grams 


November 20, 1914. Injected 1 cc. albumin solution intraperitoneally. 
December 1. Injected 0.7 cc. albumin solution. Moderate reaction. 
December 4. Injected 0.7 cc. albumin solution. No reaction. 
December 8. Injected 1 cc. albumin solution. No reaction. 
December 15. Injected 1 cc. albumin solution. Slight reaction. 
December 18. Injected 1 cc. albumin solution. Slght reaction. 
December 21. Injected 1 cc. albumin solution. Slight reaction. 
December 24. Injected 1 ce. albumin solution. Slight reaction. 
December 28. Urine examined: no albumin. 
December 29. Found dead. Urine removed from bladder showed no 
albumin or casts. Spleen is large, other organs appear normal grossly. 
Microscopic examination: Kidney shows slight hyperemia. A few 
small areas of round celled infiltration are scattered diffusely over the 
cortex. The convoluted tubules show well marked vacuolation, ne- 
crosis, and desquamation of epithelial cells. The tubules of Henle’s 
loop and the glomeruli show no lesions. 


Guinea pig 11. Female, 415 grams 


December 15, 1914. Injected 1 cc. albumin solution intraperitoneally. 
December 28. Injected 0.5 cc. albumin solution. Reaction slight. 
December 31. Injected 0.75 cc. albumin solution. Reaction slight. 
January 5. Injected 1 cc. albumin solution. Reaction slight. 
January 8. Injected 1 cc. albumin solution. No reaction. 

January 12. Injected 1.5 cc. albumin solution. Slight reaction. 
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January 15. Injected 2 cc. albumin solution. Very slight reaction. 
January 19. Injected 3 ce. albumin solution. No reaction. 
January 22. Injected 4 cc. albumin solution. No reaction. 
January 26. Injected 6 cc. albumin solution. No reaction. 
January 29. Injected 10 ce. albumin solution. No reaction. 
February 5. Injected 2 ce. albumin solution. Moderate reaction. 
February 138. Injected 2 ce. albumin solution. - Slight reaction. 
February 16. Injected 0.5 cc. beef serum. 

February 19. Injected 4 ce. albumin solution. No reaction. 
March 2. Injected 3 cc. albumin solution. No reaction. 

March 17. Injected 4 cc. albumin solution. Severe reaction. 
March 23. Injected 6 cc. albumin solution. Slight reaction. 
June 17. Injected 1 ce. albumin solution. No reaction. 

June 18. Injected 3 cc. albumin solution. No reaction. 

June 21. Injected 8 ce. albumin solution. No reaction. 

August 14, 1915. Killed. 


Microscopic examination: A slight amount of hemorrhage and hy- 
peremia noted. A few small areas of round celled infiltration noted 
in the cortex. Necrosis is fairly well marked in the epithelial cells of 
the proximal convoluted tubules, but vacuolation is not present. Most 
of the glomeruli show a very marked proliferation of the capillary endo- 
thelium of the tuft, and in a few glomeruli the capsular epithelium has 
also undergone proliferation. 


Guinea pig 31. Female, 375 grams 


April 15. Injected 0.5 cc. beef serum intraperitoneally. 

May 26. Injected 0.001 cc. albumin solution. 

June 15. Injected 0.001 cc. albumin solution. No reaction. 

June 17. Injected 0.03 cc. albumin solution. Slight reaction. 

June 18. Injected 0.1 ce. albumin solution. Slight reaction. 

June 21. Injected 0.3 ce. albumin solution. Slight reaction. 

June 22. Injected 1.5 cc. albumin solution. Moderate reaction. 

June 25. Injected 5 cc. albumin solution. Severe reaction; died in 
1 hour. Posted at once. 


Post mortem findings: Marked injection of stomach, intestines, and 
adrenals. Left adrenal and left kidney larger than normal. Spleen 
large and nodular, lungs puffy, heart very red. 

Microscopic examination: Hyperemia very marked; slight amount of 
hemorrhage; many areas of round celled infiltration scattered diffusely 
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throughout the cortex. There is marked vacuolation and a moderate 
amount of necrosis in the epithelial cells of the convoluted tubules. 
The cells of the ascending limb of Henle’s loop show some vacuolation 
and apparent desquamation. Most of the gomeruli show swelling and 
proliferation of the endothelial cells of the capillaries of the tuft. 


Guinea pig 19. Male, 240 grams 


February 5. Injected 1 ec. egg albumin solution intraperitoneally. 
February 13. Injected 0.5 cc. beef serum. 

February 26. Injected 0.5 cc. albumin solution. Slght reaction. 
March 2. Injected 0.5 ce. albumin solution. No reaction. 
March 5. Injected 2 ce. beef serum. Slight reaction. 

March 9. Injected 1 cc. albumin solution. Slight reaction. 
April 18. Injected 1 cc. albumin solution. Moderate reaction. 
April 15. Injected 2 cc. albumin solution. Slight reaction. 
May 7. Injected 5 cc. serum. Slight reaction. 

May 19. Injected 4 cc. albumin solution. Slight reaction. 
May 23. Injected 7 cc. serum. Slight reaction. 

May 25. Injected 7 cc. albumin solution. No reaction. 

June 28. Bled to death. 


Microscopic examination: No hyperemia; a few small areas of hem- 
orrhage. Many small areas of round celled infiltration especially about 
glomeruli. Most glomeruli show marked proliferation of capillary 
endothelium. Some show proliferation of the capsular epithelium. In 
some glomeruli the tuft has been entirely replaced by connective tissue. 
Most of the convoluted tubules are normal, but some show necrosis 
and desquamation, and a few show vacuolation of the epithelium. 
The epithelial cells of the tubules of Henle’s loop show no lesions. 
Edema was noted in the interstitial tissue of the papilla. 


Friedberger and Mita (13), Biedl and Kraus (14), Pearce and 
Eisenbray (15), Pepper and Krumbhaar (16) and others have 
shown that in anaphylaxis there is a marked lengthening of the 
coagulation time of the blood—in dogs amounting practically 
to prevention of coagulation. Jobling and Petersen (17) in 
injecting guinea pigs with ‘‘serotoxins” (normal guinea pig serum 
from which the antiferments have been removed by extraction 
with chloroform, the serum then being incubated to allow the 
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ferment present to split the serum protein) note that small doses 
increase coagulation time, the large doses tend to produce intra- 
vascular clotting. By first giving hirudin they were able to kill 
the animals with the toxic serum without evidence of intravascu- 
lar clotting; therefore they do not believe that the intravascular 
clotting can be the cause of death in protein poisoning. They 
offer, however, no explanation of the clotting. Von Behring 
(18) has advanced the theory that the cause of death in ana- 
phylaxis is the intravascular clumping of the blood platelets 
in the small vessels of the brain. 

In the course of this work a number of rabbits were lost in a 
peculiar way. It was attempted to sensitize the rabbits by three 
injections at intervals of one to three days, one intravenous, 
one intraperitoneal, and one subcutaneous. The intravenous 
injection if preceded by one or both of the others very often 
caused the immediate death of the animal. The amount injected 
intravenously was usually 0.5 ec. of egg-white (diluted) or 1 ce. 
of beef serum. Often before one-third of the dose had been 
injected the animal would have a violent convulsion and die 
immediately. This never happened if the intravenous injec- 
tions were given first. Gross inspection of these animals at 
autopsy failed to show intravascular clotting. The death was 
certainly not due to anaphylaxis as the term is ordinarily under- 
stood, for the fatal injection followed the first injection after 
an interval too short to allow sensitization to occur; and the 
rabbit is not sensitized as readily as are some other animals. 
In another group of animals that received intravenous injections 
of protein before sensitization could be expected to occur, death 
occurred several days after the intravenous injection, and at 
autopsy extensive intravascular clotting and pulmonary infarc- 
tion were found. Various attempts were made to analyse the 
mechanism of this reaction, but no satisfactory explanation was 
reached. Lee and Vincent (19) find that the increased coagu- 
lation time in anaphylaxis is due to the clumping of the blood 
platelets, and their consequent withdrawal from the peripheral 
circulation. It might be suggested in explanation of the death 
of my animals that in the cases of acute death, death was due to 
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cerebral emboli of platelets, and that in those cases dying later 
the emboli of platelets formed a nucleus from which the exten- 
sive clots formed that were found at autopsy. This, however, 
is not in complete accord with the work of Lee and Vincent, for 
they found that in those cases in which the signs of anaphylaxis 
were only mild in degree, there was little or no delay in coagu- 
lation time, nor disturbance of platelet function, and in my 
cases the ordinary signs of anaphylaxis were not present. No 
adequate explanation of these deaths is at hand. 


RESULTS 


Material was examined from 23 guinea pigs, including 6 con- 
trols, with the following findings: 

Hyperemia was marked in all cases dying acutely, and was 
most marked in the glomeruli. It was observed in other cases 
but was never marked. 

Hemorrhage was frequently present, especially in those cases 
dying acutely, but was never extensive. 

Degeneration, necrosis, and desquamation of tubular epithe- 
lium. This was the most striking change observed; it was seen 
in all cases, and was usually quite prominent. The process was 
most noticeable in the proximal convoluted tubules, but was 
also seen in the ascending limb of Henle’s loop, in most cases. 
Occasionally some of the other tubules were involved. In the 
mildest cases the cytoplasm of the epithelial cells was swollen, 
and the margins were ragged or frayed. In the more marked 
cases vacuoles of varying size formed at the bases of the cells, 
and the nuclei were pyknotic. These vacuoles do not take the 
stain in the Marchi osmic acid technique. Apparently these 
vacuoles increased in size until the cytoplasm resembled a badly 
torn network, or was displaced toward the center of the tubule, 
giving the appearance of desquamation, and the nuclei were 
fragmented. This was the stage that was most commonly ob- 
served. In nearly all cases actual desquamation was observed 
in certain tubles, and regeneration was frequently seen. The 
vacuolation was confined almost entirely to those cases dying 
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acutely or to those killed shortly after the last injection of pro- 
tein. In those killed three or more weeks after the last injec- 
tion, the vacuolation was much less prominent or absent, while 
necrosis and desquamation were more prominent. The earlier 
stages of this process were observed in those controls that re- 
ceived injections of protein, but only in a few isolated tubules, 
and were more likely to be found in the loops of Henle than in 
the convoluted tubules, while the opposite was true of the experi- 
mental animals. 

Swelling and proliferation of the capillary endothelium of the 
glomerular tufts were observed in 12 (70 per cent) of the cases. 
With two exceptions, this change occurred only in animals that 
had been under observation for three months or longer. The 
two exceptions were guinea pig 25, which had been under obser- 
vation for six weeks, and had experienced four anaphylactic 
shocks, and guinea pig 31, which had been under observation 
for four weeks and had experienced five anaphylactic shocks. 
In a few cases there was proliferation of the capsular epithelium, 
and in one case fibrous thickening. of the capsule was seen in 
many glomeruli. No glomerular lesions were seen in any of the 
controls. 

Round celled infiltration was noted in nearly all cases, but 
was never marked. ‘The areas were small and scattered diffusely 
over the section, but especially in the cortex, and were usually 
located about blood vessels. Usually these areas were quite 
numerous, but occasionally only a few were seen. (Guinea pigs; 
apparently normal, may sometimes show small areas of round 
celled infiltration in the renal cortex (20) and such areas were 
found in some of the controls, but they were always much fewer 
in number than those found in the experimental series, not more 
than two or three to a section, or about one-tenth to one-fifteenth 
the number found in the experimental animals. 

The character of the tissue lesions, their distinctly focal dis- 
tribution, and the frequent occurrence of hemorrhages strongly 
suggest the possibility that the lesions may be dependent on 
vascular changes. Vascular lesions of an acute or subacute type 
were found in 82 per cent of the experimental animals dying 
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from anaphylactic shock or killed within two weeks after the 
last injection, and in 50 per cent of the animals killed from 
three to eight weeks after the last injection. ‘These lesions 
occurred especially in the small vessels, and consisted in a swell- 
ing of the arterial wall, with, in some cases, very marked degen- 
eration of the intima, and vacuolation and fissuring of both 
intima and media. Sometimes there was a marked proliferation 
of the endothelium. When this change was found in an animal 
it usually involved all or nearly all of the small vessels in the 
section. Rarely this was seen in the larger vessels. These 
lesions were not seen in any of the animals dying after one or 
two shocks, nor in normal controls. 

In a few cases edema of the interstitial tissue of the papillae 
was seen. 

Distinct scar formation was not seen in any case. 

The significance of these results lies in the possibility of inter- 
preting them as at least a partial explanation of the etiology 
of some cases of arteriosclerosis, and of some cases of nephritis, 
especially of the arteriosclerotic type. This will be discussed in 
more detail in a later paper. 


CONCLUSIONS 


Repeated anaphylactic shock induced in guinea pigs by injec- 
tions of egg-white or beef serum is able to produce lesions of the 
kidney that are not produced by acute anaphylaxis, nor by the 
repeated injection of these proteins in refractory animals. These 
lesions consist principally of necrosis of tubular epithelium, pro- 
liferation of glomerular capillary endothelium, and swelling and 
degeneration of the intima and media of small vessels. Small 
diffusely scattered areas of round celled infiltration were observed 
in nearly all cases, somewhat similar to the areas observed in 
the controls, but usually larger, and invariably much more 
numerous than the spontaneous lesions. In this series the 
lesions noted are to be considered as subacute rather than 
chronic. 
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POSTSCRIPT 


Since this work was completed, an article has appeared by Longcope (Long- 
cope, W. T., Journ. Exp. Med., xxii, 6, p. 793) in which he describes changes in 
parenchymatous organs similar to those previously reported by him (but less 
marked, and less frequently obtained), produced by a single large dose of foreign 
proteid, and he ascribes these changes to the gradual splitting of the protein 
within the animal’s body, and the gradual liberation of the toxic substances. 
In applying these results to the problems of human disease it matters not whether 
the toxic substance is liberated slowly from a single quantity of protein, or 
rapidly from many quantities, the toxic substance is the same, and the results 
produced are the same, in character if not in degree. 
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Fig. 1. GUINEA PIG 32 


Necrosis of tubular epithelium after four injections of egg-albumin and three 
of beef serum in a sensitized animal, dying two weeks after last injection. 


Fic. 2. Guinea Pic 18 


Vacuolation of tubular epithelium after four injections of egg-albumin and 
three of beef serum, in a sensitized animal dying very soon after the last injection. 


Fic. 3. GUINEA Pie 19 


Round celled infiltration in the cortex of the kidney after seven injections 
of egg-albumin and three of beef serum in a sensitized animal, killed five weeks 
after last injection. 


Fic. 4. GUINEA PIG 20 


Proliferation of capillary endothelium of glomerular tuft of kidney, with 
coagulum in capsular space after six injections of egg-white and five of beef 
serum in a sensitized animal, killed three weeks after last injection. 


Fic. 5. GuINEA PIG 24 


Swelling, vacuolation, fissuring of intima and media; marked degenerative 
changes and proliferation of endothelium of intima, in arteries of the kidney. 
after six injections of beef serum in a sensitized animal; death from anaphylaxis. 
Hematoxylin and eosin stain. Note splitting of elastic membrane in artery A, 
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In a recent publication concerning the physiological destruc- 
tion of erythrocytes, Kyes (1) has shown that certain endothe- 
lial cells of the liver and spleen are constantly active in phagocy- 
tosing red blood corpuscles from the circulating blood stream 
and to the fixed-tissue phagocytes so functioning, he gives the 
designation ‘“‘hemophages.”’ 

In a subsequent communication concerning the natural im- 
munity of the pigeon to the pneumococcus, the same author (2) 
points out that under experimental conditions, the hemophages 
are not only phagocytic for red blood corpuscles but also for 
pneumococci introduced into the circulating blood stream. In- 
deed, so rapid and so extensive is the phagocytic destruction of 
injected pneumococci by the hemophages of the pigeon, that 
Kyes concludes that this mode of elimination of the organisms 
from the blood stream is largely responsible for the high resist- 
ance which the pigeon displays to pneumococcus infection. The 
great importance of the hemophages in this immunity appears 
the more probable since Kyes observed that pneumococci in- 
troduced into the body cavities of the pigeon were rapidly trans- 
ported to the blood stream and were then also eliminated by 
the hemophages after the same manner as those organisms in- 
jected directly into the blood stream. 

The present study is a further analysis of the extent to which 
pneumococci introduced into the peritoneal cavity are destroyed 
by hemophages in the liver and spleen and is also a determina- 
tion of the rate of the destruction of the bacteria so introduced 
in comparison with those injected directly into the blood stream. 
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The fate of inert, insoluble particles injected into the peri- 
toneal cavity has been investigated by Muscatello (3). Employ- 
ing a suspension of insoluble carmine, this worker found that 
after a period of from one and one-half to two hours, the pigment 
granules were present in the liver and spleen, either free within 
the blood vessels or within leucocytes of the blood stream. In 
smaller numbers, he also found the carmine granules in the lung, 
pancreas, and the testes. Maffuci (4) conducted similar experi- 
ments, and after the same lapse of time also found the pigment 
particles in the liver and spleen, but in those organs only. Maf- 
fuci decided also, that the position of the granules was the same 
in the liver whether the injections had been made into the peri- 
toneal cavity or the jugular vein. Buxton and Torrey (5) in an 
extended series of experiments with lamp-black injected into 
guinea pigs, further confirmed the general findings of Muscatello. 
In studying also the distribution of typhoid bacilli injected in- 
traperitoneally into rabbits, Buxton and Torrey showed by cul- 
tural methods, that the bacilli very rapidly reached the blood 
stream and were deposited in various organs, “‘the liver showing 
the greatest power of holding up to the organism.’’ Strouse 
(6) on the other hand, working with intraperitoneal injections 
of pneumococci into pigeons did not find a distribution of the 
organisms to the liver or spleen and in but two pigeons of a series 
of fourteen did he recover the organisms from the heart’s blood. 


EXPERIMENTS 


With the purpose of comparing the fate of pneumococci in- 
jected intravenously with that of those introduced intraperi- 
toneally, we injected parallel series of pigeons by these two ave- 
nues with the same amounts of one and the same suspension of 
pneumococci and killing the animals after the lapse of various 
time intervals, determined the distribution of the organisms 
within the various tissues by systematic microscopic examina- 
tion. Recognizing the unreliability offine quantitative distinc- 
tions based upon the direct numerical count of bacteria in tis- 
sues, we have neglected minor differences and taken into con- 
sideration only contrasts of such degree as to be beyond the 
limits of error of observation and of interpretation. The pneu- 
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mococcus culture used was one freshly isolated from a case of 
acute lobar pneumonia in man. This organism was grown on 
blood agar slants in one litre flasks, the surface of each of which 
was approximately equivalent to that of twenty ordinary blood 
agar slants in test tubes. After incubating these flask cultures 
for twenty-four hours at 37°C. the total growth was suspended 
in such a quantity of physiological salt solution that two cc. of 
the suspension contained approximately the same number of 
pneumococci that would be obtained from two and one-half 
blood agar slants. For a single series twenty-two pigeons were 
used—eleven receiving 2 cc. of the above suspension intraven- 
ously, and eleven receiving 2 cc. intraperitoneally. These birds 
were killed after the lapse of 10 minutes, 30 minutes, 1, 2, 3, 6, 
9, 12, 18, 24, and 36 hours following injection. Immediately 
after killing, thin pieces of the liver and the spleen from each 
bird were placed for 24 hours, in Zenker’s solution without acetic 
acid. After imbedding in paraffin, sections 3 to 4 u in thickness 
were cut and fixed on slides. The sections were further pre- 
pared by the method used by Kyes (2) in his study of pneumo- 
cocci injected intravenously into pigeons. Briefly the method 
is as follows: To differentiate the hemophages the sections are 
first subjected to treatment with potassium ferrocyanide and 
hydrochloric acid. They are then stained with acid carmine 
and by Gram’s method. A point of considerable importance in 
connection with the latter is the careful decolorization in a mix- 
ture of toluol and aniline oil, approximately in the proportion 
of two to one. The use of alcohol after Gram’s stain decolorizes 
the specimen too rapidly and completely. With the technic men- 
tioned, the Gram positive pneumococci when present, stand 
out prominently in the distinctly differentiated blue-green hemo- 
phages. 

When the tissues of a complete series of birds were fixed as 
outlined above, each observer stained and examined a series of 
slides from each pigeon and tabulated his results independently. 
These results were then compared and gone over again where 
there was any difference of opinion, so that the combined results 
represent observations on two complete sets of slides from the 
same bird, each set being prepared and examined by a different 
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individual. As an additional control on the tissues which failed 
to show pneumococci in the double staining method, at least five 
slides from such tissue were stained with Gram’s stain alone, 
before it was concluded that the organisms were not present. 


Discussion of Results 


The results obtained in the four different series were parallel 
and uniform except for slight individual variations which were 
inconsiderable from the point of view of the demonstration in 
question. The protocol of the single series here reported is 
illustrative therefore of the total four series investigated. 

Stated in general terms, the results obtained by the methods 
outlined showed that following intraperitoneal as well as intra- 
venous injection, the pneumococci are phagocytosed by hemo- 
phages in the liver and spleen and furthermore that the organ- 
isms so taken up are rapidly destroyed within the containing 
cell. Also, that the appearance of the pneumococci in the liver 
and spleen is later following intraperitoneal than intravenous in- 
jection but as extensive. Before discussing the results in detail 
however, the approximate quantitative results obtained may 
be charted as follows: 


TABLE 1 
CONCENTRATION OF ORGANISMS 
TIME INTERVAL Intraperitoneal Intravenous 
Liver Spleen Liver Spleen 
10 min 0 0 ++ os 
30 min 0 0 +? +? 
1 hr 0 0 +6 +° 
2 hrs + 35 = pe =e 
3 hrs 4 ae ar 46 
6 hrs +8 48 +2 -1-2 
9 hrs =}? S al + == 
12 hrs + + + — 
18 hrs 0* 0* a -- 
24 hrs 0* 0 0* 0* 
36 hrs 0 0 0 0 


* Possibly a few remnants of digested cocci, but no organisms of definite 
form or staining reaction. 
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The results tabulated above show that tremendous numbers of 
pneumococci were distributed to the liver and spleen not only 
when introduced intravenously but also when injected intra- 
peritoneally. Furthermore the pneumococci within these or- 
gans were located for the most part within hemophages, irre- 
spective of the mode of injection. ! 

The single point of difference in the distribution of the bac- 
teria following the two modes of injection is to be observed in 
regard to the time of the localization of the organisms within 
the liver and spleen. Following intravenous injection of the 
bacteria, their partial localization in the liver and spleen is ac- 
complished at the time of the earliest observation, namely ten 
minutes. With the intraperitoneal introduction on the other 
hand, the first evidence of such localization occurs at the two- 
hour observation. The same relation obtains also in regard to 
the period of maximum accumulation of the bacteria in these 
organs. Thus, the pneumococci were found in greatest numbers 
in the hemophages of the liver and spleen two and three hours 
after intravenous injection, whereas after intraperitoneal injec- 
tion, the maximum bacterial content was found occurring dis- 
tinctly later, namely from three to six hours after the injection. 

The period of survival of the pneumococci after their accumu- 
lation within the liver and spleen cannot be determined with any 
great degree of accuracy. This is because it is impossible to 
identify absolutely the last remnants ofthe digested organisms 
and therefore to establish the exact time of the complete disap- 
pearance of bacterial remains. Our experiments do show how- 
ever, that both the liver and spleen of birds injected intraven- 
ously show a much reduced content of organisms at the six hour 
period, a corresponding reduction appearing at the nine-hour 
period of birds injected intraperitoneally. At subsequent pe- 
riods the number of organisms found was inconsiderable, only 
partially digested remnants being present after eighteen hours 
and even these being entirely absent at thirty-six hours. At 

+ The details as to localization will not be included here in as much as they 


coincide with the descriptions already given in extenso by Kyes in a communi- 
cation previously referred to. 
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the twenty-four-hour period no intact, normally staming or- 
ganisms were present, but it was impossible to determine whether 
or not occasional dark granules within the hemophages were 
end products of bacterial digestion. Without attempting there- 
fore to establish the exact time of their complete disappearance, 
it may be stated that under the conditions of our experiments, 
the bulk of the pneumococci localized in the liver and spleen 
are destroyed within six hours after the first appearance of the 
bacteria in those organs. 


CONCLUSIONS 


The conclusions which may be drawn from the foregoing re- 
sults are: . 

1. That pneumococci injected intraperitoneally into pigeons 
are rapidly transported to the liver and spleen and are there 
localized within fixed tissue phagocyes after exactly the same 
manner as are pneumococci introduced directly into the blood 
stream. 

2. That, judged both from the time of the appearance of the 
first cocci and that of the maximum concentration of cocci in 
the liver and spleen, the period required for the transportation 
of the organisms from the peritoneal cavity to the circulating 
blood stream is approximately two hours. 

3. That pneumococci which are localized in the liver and spleen 
following intraperitoneal injection are destroyed within twenty- 
four hours of their arrival in those organs. 


This study was undertaken at the suggestion of Professor 
Preston Kyes and we desire to express our appreciation of his 
interest and assistance during the progress of the work. 
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1. FURTHER STUDIES OF THE BIOLOGICAL METHODS FOR THE DIAG- 
NOSIS OF TUBERCULOSIS 


J. Bronfen Brenner, M. H. Kahn, J. Rockman, and Max Kahn: 
There are many difficulties to be surmounted in applying successfully 
a biological test for the diagnosis of tuberculosis. The peculiar chemi- 
cal properties of the tubercle bacillus have rendered it a difficult task 
to get reliable results by means of the complement deviation test, 
owing to the fact that the preparation of the antigen was fraught with 
many difficulties. Recently, however, Besredka cultivated the Koch 
bacillus on an entirely new medium, and he observed that the organism 
thus grown presented certain properties not usually inherent to the 
bacillus. 

Thus in studying the antigenic properties of his cultures, Besredka 
found that they may be successfully used for the complement deviation 
test. Last year we made an extensive study of this subject and, 
although we found that the complement deviation test with Besredka’s 
tuberculin is very useful in the majority of cases, it had certain 
properties, which may lead to obtaining nonspecific results. 

We, therefore, decided to continue the studies of Besredka’s tuber- 
culin and, if possible, control the results of the complement deviation 
test by some other biological tests. 

This study led us to the following conclusions: 

Different samples of tuberculin of Besredka, though apparently 
identical in the mode of preparation, may differ in their specific values. 
Thus different samples were found to vary in the amount of lipins they 
contained. It is necessary to free each sample of tuberculin of all 
its lipin fraction, before using it for the complement deviation test. 
The lipins may be extracted by fat solvents, but the easiest method 
was found to be the separation of the protein fraction by precipitation. 
This method offers also the possibility of using a standard number of 
units of antigen, and so eliminates variations due to the quantitative 
differences in specific properties of different samples of tuberculin, 
without increasing the chance of obtaining lipotropic reaction. 

It seems, however, that different samples of tuberculin may also 
vary qualitatively even after removal of lipins. This is apparently 
due to the existence of strain specificity in the antibody. The existence 
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of strain specificity in tuberculosis may explain why the results ob- 
tained by different investigators in the complement deviation test for 
tuberculosis vary so much. 

Tuberculin of Besredka seems to give the best results in diagnosis 
by complement deviation test. Even though the test is positive in 
a certain number of clinically nontuberculous cases, the reaction seems 
to be specific. At least in 87 per cent of such cases, the fixation was also 
obtained with one or more tuberculins other than that of Besredka. 

The attempt to control the serum findings by the urinary examina- 
tion for urochromogen was not successful in\general, and we were un- 
able to confirm the reports of frequent occurrence of the Weisz reaction 
in tuberculosis. The comparison of the frequency of occurrence of 
the two reactions in different stages of the disease confirms our earlier 
suggestion that negative serum findings in the face of a positive Weisz 
reaction may have unfavorable prognostic significance. 


2. DEMONSTRATION OF VARIOUS STAINING METHODS 


F. M. Huntoon: A method of double-staining bacterial spores and 
bodies in a single operation. Rather heavy smears of the organism 
to be tested are made in the usual manner and fixed by heat; they are 
then covered with the staining mixture and steamed for one or two 
minutes, and now thoroughly washed in running tap water. 

Spores appear red, the bodies of the bacteria blue. 

Staining mixture: Equal parts of a 4 per cent solution of acid fuchsin 
in 2 per cent acetic acid and a 2 per cent solution of methylene blue 
(Griiblers) in 2 per cent acetic acid are mixed. The resulting precipi- 
tate is filtered off and the filtrate employed for staining. (Anthrax 
demonstrated.) 

A simple method of staining capsules. 

Diluent employed, 3 per cent solution of nutrose in distilled water 
(boiled one hour). 

Staining mixture, a 0.5 to 1 per cent solution of methylviolet (saturated 
alcohol solution) in 2 per cent carbolic acid solution to which has been 
added 0.5 per cent lactic acid concentration and 1—10,000 acetic acid. 

Make thin film employing diluent. Allow to dry in air cover with 
staining mixture for about thirty seconds. Wash in water, dry and 
examine. (Streptococcus mucosus and Pneumococcus demonstrated.) 

A method of demonstrating capsule like envelopes on various bacteria, 
both flagellated and nonflagellated. 

Thin smears are made from young broth cultures and allowed to 
dry in the air. Do not fix. Cover with a 5 per cent solution of 
carbolic acid to which has been added 1 per cent of a saturated alco- 
holic solution of any of the more diffuse dyes. Allow to act for 
fifteen seconds, pour off and allow to dry. Do not wash or blot. 
(Bacillus Subtilis demonstrated.) 
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3. Tue LATE RESULTS OBTAINED IN THE ACTIVE IMMUNIZATION WITH 
MIXTURES OF DIPHTHERIA TOXIN-ANTITOXIN AND WITH TOXIN- 
ANTITOXIN COMBINED WITH DIPHTHERIA BACILLI 


Wm. H. Park and Abraham Zingher: In an earlier communication 
before the Serological Society, Park and Zingher gave the results 
obtained with toxin-antitoxin in scarlet fever children at the Willard 
Parker Hospital. They showed at that time, that children with a 
natural antitoxic immunity gave a uniformly good response to these 
injections and developed an increase in the antitoxin content, which 
was quite considerable. In those who had no natural antitoxic immun- 
ity, successful results within the period of observation four weeks after 
the injections) were noted in only 25 to 30 per cent of cases. 

The work was continued during the past one and one-half years and 
further attempts were made to obtain better results by modifying the 
mixtures used for immunization and by the addition of killed diphtheria 
bacilli. In thelast group of 156 patients over 35 per cent showed enough 
antitoxin production within four weeks after the injections, to give a 
negative Schick reaction, and a somewhat larger proportion showed a 
fainter Schick reaction than in the control test before the injections. 

The cases were followed up to their homes, and 82 immunized in- 
dividuals were retested with the Schick reaction at intervals of from 
three months to one and one-half years after the injections. The re- 
sults obtained were quite striking. All those who had given an early 
and successful response to the immunization were found to be still 
immune; of those who had failed to give an early response, or in whom 
only slight traces of antitoxin were produced, fully 80 to 85 per cent 
were now found immune. 

This late development of antitoxin shows that active immunization 
with toxin-antitoxin is successful for the general protection of sus- 
ceptible individuals against future exposure; the early results, however, 
show that immunization with toxin-antitoxin cannot be depended upon 
for the immediate protection of exposed individuals. 


4. Toe IMMUNE MECHANISM OF ANAPHYLAXIS 


Richard Weil: Heating precipitating antibody at 72° for one-half 
hour produces two important effects: 

a. It destroys the property of producing precipitation with the anti- 
genic serum. 

b. It destroys the property of fixing complement in the presence of 
the antigenic serum. 

Notwithstanding these changes it retains, though in slightly dimin- 
ished degree, its property of conferring passive sensitization on normal 
animals. 

Two conclusions are drawn: First, that precipitation does not enter 
into the anaphylactic reaction. 

Second, that complement does not enter into the anaphylactic 
reaction. 
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The latter conclusion indicates that anaphylatoxin plays no part 
in the mechanism of anaphylaxis, since the antigen-antibody complex 
never gives rise to anaphylatoxin in the test tube except in the presence 
of complement. If this inference is correct, the chemical theory of 
anaphylaxis is deprived of support, leaving the physical theory to ac- 
count for the phenomenon. 

The immune serum used for these experiments was that of a rabbit 
versus crystalline egg albumen. The hemolytic system consisted of ox 
eythrocytes and rabbit hemolysin. It is not known whether identical 
results would be given by other combinations. 


FURTHER EXPERIENCES WITH THE ISOLATED 
ORGAN LIPOIDS AS “ANTIGEN” IN THE 
WASSERMANN TEST 


ELISE S. L’ESPERANCE ann ARTHUR F. COCA 
From the Departments of Pathology and Experimental Pathology in the Medical 
College of Cornell University, New York 


Received for publication, November 1, 1915 


Our previous publications (1) upon the Wassermann reaction 
have dealt chiefly with the technique of the test. We have 
called attention to two important sources of error that attach 
to the use of the isolated organ lipoids (Noguchi) as ‘‘ antigen.” 
These were: first, the non-specific or ‘‘pseudo-reaction” that is 
sometimes obtained with the originally prescribed quantity of 
‘“‘antigen’”’ when the serum to be tested has not been heated; 
and secondly, the prezone phenomenon of wanting or weak reac- 
tion, which sometimes occurs with positively reacting sera where 
the larger quantities of the lipoid emulsion are used. 

In a subsequent larger series of examinations we have not 
only confirmed those observations, but, through our association 
with Dr. E. L. Keyes and with the generous assistance of Dr. 
D. W. MacKenzie, Dr. B. 8. Barringer and Dr. J. D. Kernan, 
Jr., we have been able, also, to reach a definite conclusion as to 
the relative clinical efficiency of our technical method in the 
diagnosis of syphilis. 

The technique employed was not essentially changed from 
that described in our former publications. The serum to be 
examined was used undiluted in a quantity of 0.02 cc., or it was 
diluted 1 to 10 and the diluted serum was used in a quantity of 
0.2 cc. The sera were examined usually in the unheated con- 
dition. 

The guinea pig’s serum was used in a 1 to 10 dilution in 
quantity of 0.1 ce. 
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We have found that the process of isolating the lipoids from 
the heart muscle can be considerably shortened by the follow- 
ing method: the fresh mucular tissue of the ox’s heart was very 
finely ground in a meat chopper and mixed with 6 volumes of 
95 per cent alcohol. After standing for twenty hours or longer, 
during which time it was occasionally shaken, the mixture was 
filtered and the filtrate was placed in a large porcelain evaporating 
dish before a large electric fan. In a few hours the greater part 
of the alcohol had been driven off, as was indicated by the dis- 
appearance from the fluid of the odor of alcohol, and practically 
all of the lipoids had been deposited on the bottom of the dish. 
The fluid was then poured off and the layer of lipoids adhering 
to the bottom of the dish was dried by being held before the 
electric fan. The sticky residue was taken up in a little ether 
and the ether-soluble portion was separated by centrifugation 
and decantation. The lipoids were precipitated from the ethereal 
solution with six volumes of aceton and the precipitate was dis- 
solved in water-free ether and reprecipitated with aceton. After 
one or two further reprecipitations out of water-free ether the 
waxy precipitate was freed from aceton as far as possible by 
warming and with the use of a vacuum pump and it was then 
shaken with 10 to 15 volumes of absolute methyl alcohol in which 
a considerable portion of the precipitate was insoluble and 
adhered to the walls of the flask. In a few minutes the alcoholic 
solution could be decanted and the concentration of the lipoids 
in it was then determined by weighing the residue obtained by 
evaporating 0.5 ce. to dryness on a water-bath. On the basis 
of this determination the solution was diluted with ‘absolute 
methyl alcohol to a calculated concentration of 2 per cent and 
this solution was kept in the ice-box. 0.4 ec. of a 1 to 10 dilu- 
tion of this preparation may sometimes be anticomplementary 
in the ice-box control (18 to 24 hours at ice-box temperature) 
but that amount should not be anticomplementary after one 
hour at 37°C. The lipoids were used in a 0.2 per cent emulsion 
that was prepared by blowing one volume of the 2 per cent 
methyl alcoholic solution from a pipette rapidly into nine volumes 
of physiological saline solution. This emulsion was regularly 
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used in six different quantities with each serum: namely, 0.2, 
0.1, 0.05, 0.02, 0.01 and 0.001 ee. 

A constant degree of sensitization of the sheep’s blood cor- 
puscles that were used as indicator of the reaction was conven- 
iently secured by the use, during the greater part of the study, 
of the same rabbit’s anti-sheep’s corpuscle serum, which main- 
tained, for about a year and a half, without special care, a titer 
of 1 to 5000. Usually 0.25 ce. of a 1 per cent! suspension, later 
0.1 cc. of a 2.5 per cent suspension of the sensitized corpuscles 
has been used. 


PSEUDO-REACTION 


In 32 cases, more or less (usually complete) complement-fixa- 
tion was obtained only with 0.2 ce. of the 0.2 per cent lipoid 
emulsion. Twenty-two of these were of treated syphilis without 
symptoms, 2 were of untreated syphilis with lesions and 5 were 
individuals giving no history of syphilis and exhibiting no symp- 
toms of that disease. One of this last group was a case of malaria 
examined during the paroxysm. In 6 cases there was complete 
fixation with 0.2 cc. and partial fixation with 0.1 cc. of the lipoid 
emulsion. Four of these were of treated syphilis without symp- 
toms; one was of untreated tertiary syphilis with lesions; and 
one was without history or symptom of syphilis. On one occa- 
sion in preparing the lipoid emulsion with a preparation that 
was nearly a year old, instead of blowing the methyl alcoholic 
solution of the lipoids rapidly into the saline solution, we mixed 
the two fluids more slowly. The resulting emulsion was milky 
and nearly opaque, and in the entire series of tests with this 
emulsion there was considerable complement fixation with 0.2 
and 0.1 ce.; but 0.4 cc. of this emulsion was of itself anticomple- 
mentary. The tests were therefore repeated with an emulsion 
of the same lipoid solution prepared as usual by blowing the 
required amount rapidly into the salt solution. With this emul- 
sion, which was opalescent but not opaque, many of the sera 
now gave no complement fixation. 0.4 cc. of the emulsion was 
not anticomplementary. With a properly prepared lipoid emul- 


1 Corpuscular sediment was used as the basis of calculation. 


132 ELISE S. L’ESPERANCE AND ARTHUR F. COCA 


sion we have met with four instances of complete fixation with 
0.1 ec. of the emulsion in individuals denying leutic infection and 
not exhibiting lesions of syphilis. In none of these instances 
was the question as to the extent of the zone of pseudo-reaction 
involved, since in each case fixation was obtained also with much 
smaller amounts of the lipoid emulsion. 

The zone of pseudo-reaction, therefore, includes in our experi- 
ence 0.2 ce. and a partial inhibition with 0.1 cc. of a 0.2 per cent 
emulsion of the lipoids of the ox’s heart. If, therefore, the unit 
of sensitized sheep’s blood is completely dissolved by a mixture 
of the unit of guinea pig’s serum and 0.4 cc. of the lipoid emulsion 
after that mixture has stood for one hour at 37°C., then com- 
plete inhibition produced with the unheated human serum when 
combined with 0.1 cc. of the lipoid emulsion and the unit of 
guinea pig’s serum can be accepted as a fixation of diagnostic 
significance. In view of the fact that most of the sera that 
react only within the narrow zone of pseudo-reaction are derived 
from individuals giving a clear syphilitic history itseems correct 
to designate such reactions as ‘‘ questionable.” 


PREZONE PHENOMENON 


This phenomenon has been encountered forty-four times in 203 
positively reacting sera, sometimes after incubation at 37°C., 
sometimes after incubation at ice-box temperature. The sera 
were not heated for any of these examinations. It is not to be 
inferred that under the original plan of examination, i.e., with 
only one quantity of ‘‘antigen,”’ the reaction would have been 
missed in all of the forty-four observed instances of the prezone 
phenomenon, even if the examinations had been made at only 
one incubation temperature. For example, the reaction in cases 
600 and 929 (Table I) would have been missed at 37°C. but 
at that temperature a positive reaction would have been obtained 
in cases 431, 498, 382 and 564. 

However, in 16 cases or about 8 per cent of all the positively 
reacting sera there was no reaction at either incubation tempera- 
ture with the two larger quantities of the lipoid emulsion. Case 
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no. 600 in Table I illustrates this group. It is evident, there- 
fore, that when the isolated organ lipoids are employed in the 
performance of the Wassermann test the use of only one quantity 
of “antigen” as originally prescribed exposes the test to a serious 
source of error. 

A study of table I reveals two zones of reaction the limits of 
which are from 0.2 to 0.02 ce.—zone A—and from 0.05 to about 


TABLEI 


Illustrations of the prezone phenomenon 


IN EACH TUBE 0.02 Cc. OF THE PATIENT’S SERUM AND 0.1 cc. oF 10 PER CENT GUINEA PIG’S SERUM 


CUBIC CENTIMETER OF 0.2 PER CENT LIPOID EMUISION 


Bee. 0 0 0 0 0 0 0 0 
7°. ye ae eats One ee) ee 0 0 0 0 
alee’. 0 0 0 0 0 0 0 0 
7... ieee wate dsoe lean tr. | 0 0 0 
Pes LRN ai Ee) | AGED oeaetees ede a EY Ay etl i We 
ean Hin Erie hie Ene taco 0 0 0 0 
sen: Et VERS teks pte ie EE Hye Ie oaae ot 
a ne 0 0 me io 0 0 0 0 
BCs 0 0 0 h Hy sae re cee 
EM a ee [20M lied ey) cua s ames 0 0 0 0 
pce 0 OTe Hy be oR ee 
ise ee is 73 (eda fees & Chg A 0 tr | ar. eee ee: 


H = Complete hemolysis. 
h = partial hemolysis. 
tr.= trace of hemolysis. 
0 = no hemolysis. 


0.0002? ce.—zone B. The two zones, therefore, overlap each 
other somewhat. At 37°C. sera 564 and 382 react only within 
zone A, whereas at ice-box temperature (7°C.) these sera react 
only within zone B. In cases 431 and 498 the reaction occurs at 
37°C in both zones and in case 929 at ice-box temperature both 
reaction-zones are represented though separated by a narrow 

* The smallest quantity of the lipoid emulsion used in the entire series of 


tests was 0.001 cc., but in a former publication we have shown that the reaction 
can often be produced with 0.0002 cc. 
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zone of wanting reaction that is in effect a prezone to reaction- 
zone B. In case 929 as in many other instances of peculiar reac- 
tion that are to be described the whole test was repeated and an 
identical result was obtained. 

Polak Daniels in some experiments, which we were able to 
confirm, showed that after the saturation of some positively 
reacting sera with one ‘‘antigen’”’ preparation it is possible to 
obtain further fixation of complement by the addition of another 
“antigen”? preparation. To explain this phenomenon Polak 
Daniels assumed the existence in luetic sera of two reacting 
bodies, which must be combined respectively with two different 
antigenic substances in order that complement fixation may be 
produced. We concurred in this assumption and were at first 
inclined to apply it in explaining the two reacting zones demon- 
strated in table 1 in the use of the isolated organ lipoids. This 
explanation was supported by the following observations: 

1. As we stated in our previous publications, the heating of 
sera that, in the unheated condition, react in both zones often 
results in the disappearance of the reaction in the upper zone A. 
This phenomenon is readily explained by assuming a destruction 
of the reacting power of one of two reacting bodies in the serum. 

2. After specific treatment of an individual whose serum had 
reacted in both zones the reaction often disappears in zone A 
but remains strong in zone B. The explanation offered above 
can be applied here also. 

We undertook to test this explanation by saturating a serum 
that reacted in both zones, according to the procedure of Polak 
Daniels with successive small quantities (0.002 cc. at each addi- 
tion) of the lipoid emulsion, that is, with the hypothetical 
“antigen b.”’ Four additions at one hour intervals of 0.002 
ec. of the lipoid emulsion and of 0.05 ce. of a 20 per cent dilution 
of guinea pig’s serum, all of the incubations having been made 
at 37°C. were followed each time with complete complement 
fixation. After the fifth identical addition partial hemolysis 
occurred, indicating that saturation with the above mentioned 
quantity or “antigen b’’ of the lipoid emulsion was nearly com- 
plete. In the parallel identical series, therefore, instead of mak- 
ing the fifth addition the same as the preceding four we added 
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the emulsion of the lipoids in a quantity of 0.1 cc., that is in an 
amount presumed to contain a fixing quantity of the hypothetical 
“antigen a.” But with this larger addition, also, the fifth por- 
tion of complement was only partially fixed. By this method, 
therefore, the demonstration of a second reacting substance 
in the patient’s serum failed. 

A similar test was carried out with a serum that reacted like 
serum no. 431, Table I, with which the conditions were more 


TABLE II 
Gradual saturation of the Wassermann reacting body 


ORIGINAL MIXTURE FIRST ADDITION SECOND ADDITION RESULT 
Blood No hemolysis 
A 0.005 + C. 2 
7°Q. 18 hrs. Blood No hemolysis 
seo ence Blood No hemolysis 


©) 1 
S+A0.005 +¢.|| 37° ©. 12 hrs. 


lige © oonrs. eee 


ZC. Shr, Blood | Very strong hem- 


lysis 

A 0.005 + C.}| A0.14C. 9 

7°C: (18 brs.|| 87°C. 1 hrs." 04} Neatly | complete 
AOD C) emolysis 

Bh a Blood| Nearly complete 

37° C. 14 hrs. isseiesis 
$+A0.2+C. , 
B7°C. 12 hrs! Blood| No hemolysis 
S+A0.14+C. 


37° C. 13 hrs. Blood! No hemolysis 


S = 0.2 cc. of the patient’s serum diluted 1-10. 

A = 0.2 per cent emulsion of the lipoids of the ox’s heart. 

C = 0.05 ce. of a 20 per cent dilution of guinea-pig’s serum. 

Blood = 0.1 cc. of a 5 per cent suspension of sensitized sheep’s blood cor- 
puscles. 


favorable to the experiment inasmuch as no reaction took place 
at ice-box temperature in zone A. The saturation was con- 
ducted at ice-box temperature and was nearly complete after 
the third addition of the smaller amount of the lipoid emulsion. 
Instead of the third addition of the smaller quantity of the lipoid 
emulsion large quantities of the emulsion were substituted in 
the parallel series and the incubation was then carried out at 
37°C. Under these conditions, also, a further fixation failed to 
take place. The protocol of the second test is given in Table IT. 
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We were obliged, therefore, to abandon the assumption of dis- 
tinct pairs of reacting substances in sera and lipoid emulsion 
and resort to the hypothesis of a single reacting body in the 
sera, which may be influenced in its reacting qualities by the 
physical or chemical condition of the medium in which it exists 
or in which it is placed by the addition of the ‘“‘antigen’”’ prepara- 
tions and guinea pig’s serum. Recent experiments by E. Rom- 
linger (2) point to the possibility that the Wassermann reaction 
depends, not upon the appearance, in the blood, of a specific 
reacting substance—‘‘reagin’’—but upon a change in the chemi- 
cal or physical condition of the fluid medium of the blood whereby 
reaction is made possible between the ‘‘antigenic’’ substances 
and some normal constituent of the blood. 


INFLUENCE OF THE COMPLEMENT AND NATURAL AMBOCEPTOR OF 
THE HUMAN SERA 


In over 500 examinations we have made rough determinations 
of the complementary activity of the patients’ sera by incu- 
bating 0.2 cc. and 0.1 cc. of the diluted sera with the unit of 
sensitized sheep’s corpuscles. The few sera that were tested 
below 0.1 ec. were found to be only slightly hemolytic in quan- 
tities less than that amount. 0.1 cc. often produced complete 
hemolysis and with many such sera the Wassermann reaction 
was strongly positive. In some instances, on the other hand, 
even 0.2 cc. of the serum failed to dissolve the corpuscle unit, 
yet the Wassermann reaction with a number of such sera was 
negative. We have not been able, in any case of syphilis with 
lesions in which, with our technique, the Wassermann reaction 
was negative, to refer the result to an excess of human comple- 
ment. In the same series of examinations a rough determina- 
tion of the amount of natural sheep’s corpuscle sensitizing sub- 
stance in the sera has been made. In a number of instances in 
which a positive Wassermann reaction was obtained zo ee. of 
the patient’s diluted serum was found to contain at least one 
unit of natural amboceptor. On the other hand, in a number of 
non-luetic cases and in four cases of tertiary syphilis with lesions 
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in which the Wassermann reaction was negative, not even 0.2 
ce. of the patients’ sera contained a single unit of natural ambo- 
ceptor. In the one case of primary syphilis and the one case of 
secondary syphilis that gave a negative Wassermann reaction the 
unit of natural amboceptor was found to be 0.1 and 75 cc. respec- 
tively. In the former case the reaction became positive after 
one week at which time the sensitizing unit of the serum was 
still 0.1 cc. In the latter case the reaction became positive after 
two weeks at which time vo cc. of the patient’s serum was found 
to contain the unit of amboceptor. 


TABLE III. 


Illustrating the absence of any influence of the natural amboceptor on the Wasser- 
mann reaction when the isolated lipoids are used as antigen 


CUBIC CENTIMETER OF LIPOID EMULSION UNIT OF 
CASE NATURAL 
NO AMBO- 
0.2 0.1 0.5 0.02 0.01 0.001 CEPTOR 
264 Sensitized blood....... 0 0 0 0 0 H 
Unsensitized blood..... 0 0 0 0 0 H {0.005 cc. 
266 Sensitized blood....... 0 0 0 H H H_ |0.0025cc. 
Unsensitized blood..... 0 0 0 H H H or less 


0 = No hemolysis. 
H = Complete hemolysis. 


With two positively reacting sera showing a high natural 
amboceptor content we have carried out parallel tests, using in 
one series sensitized blood corpuscles and in the other series 
unsensitized blood corpuscles. The results of these tests are 
shown in Table III. 

It is seen that in both instances the minimal fixing quantity 
of the lipoid emulsion was found to be the same with the sensi- 
tized blood as with the unsensitized blood. 

The results of our study of the natural amboceptor and com- 
plement in the human sera in their relation to the Wassermann 
test seem to indicate that under our technical procedure these 
substances do not ordinarily influence the outcome of the test. 
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PERFORMANCE OF THE WASSERMANN TEST WITHOUT THE ADDITION 
OF GUINEA-PIG’S SERUM 


In a series of nearly 100 cases we have attempted to carry 
out the test without the addition of guinea-pig’s serum by depend- 
ing upon the complement present in the human sera. For these 
tests the same quantities of the lipoid emulsion were employed 
and the same quantity of the sensitized blood corpuscles was 
used as indicator. We thought that by increasing the sensiti- 
zation of the corpuscles to such a degree that 0.05 cc. of the 
diluted human serum would usually completely dissolve the unit 
of sensitized corpuscles and by doubling the amount of the 
patient’s serum used for the test, that is, using 0.4 cc. instead 
of 0.2 ee., we could always secure sufficient complementary action 
without danger of excess. In the great majority of cases our 
expectations were realized and the results of the tests were 
practically the same as those obtained in the same cases with 
the use of the guinea pig’s serum. In two cases, however, the 
complementary function of the freshly obtained patient’s serum 
was very low (0.2 cc. produced only slight hemolysis and partial 
hemolysis respectively); in a third case it had practically disap- 
peared within eighteen hours, so that the result of the test after 
ice-box incubation over night could not be accepted; and in a 
fourth case—one of syphilis with lesions—the complement con- 
tent was so high that the reaction with 0.4 cc. of the patient’s 
diluted serum was negative, whereas with 0.2 cc. with and with- 
out guinea-pig’s serum the result was strongly positive. 

In a few instances of non-syphilitic diseases that were examined 
without the addition of guinea-pig’s serum, complete comple- 
ment fixation occurred in a single tube of the series, all of the 
other mixtures of the series undergoing rapid hemolysis. On 
repeating these tests the fixation previously observed failed to 
take place. Examined with the addition of guinea-pig’s serum 
these sera were negative. 

These experiences make the elimination of guinea-pig’s serum 
from the test appear unsafe as well as impracticable. 
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DELAYED HEMOLYSIS WITH THE SMALLER QUANTITIES OF 
“* ANTIGEN”’ 


This phenomenon was first observed in a case of chancre that 
was examined four weeks after the appearance of the ulcer. The 
result of that test and of a second test made one week later is 
shown in Table IV. On each occasion the tests were repeated 
and identical results were obtained. 

In applying our method of examination to the serum of a nor- 
mal individual, since there is in each of the six tubes of the series 
the same quantity of the patient’s serum and of guinea-pig’s 
serum, the order in which hemolysis becomes complete should 


TABLE IV 
Specific delayed-hemolysis in a case of chancre 


IN EACH TUBE 0.02 cc. OF THE PATIENT’S SERUM AND 0.01 cc. OF GUINEA-PIG’S SERUM 


CUBIC CENTIMETER OF 2 PER CENT LIPOIDS 


0.2 0.1 0.05 0.02 0.01 0.001 

37°C 0 H H H H H 

August 28 ae mls H H H H H H 
“711 6 min. | 15 min. | 30 min. | 15 min 6 min 4 min 

Sh One 0 H H H H H 

peprernber s{ 7C..\| 0 h 0 H H H 


H = Complete hemolysis. 
0 = No hemolysis. 


be from the tube containing the smallest quantity of the lipoid 
emulsion up to the tube containing the largest quantity, because 
the lipoids of themselves exert a directly anticomplementary 
influence. Actually, however, unless there is a pseudo-reaction, 
hemolysis occurs practically simultaneously in all of the tubes 
of the series, the control of 0.4 ce. of the patient’s diluted serum 
with guinea-pig’s serum and without “‘antigen” usually preceding. 

With the serum under discussion (Table IV) hemolysis was 
complete in the tube containing the largest amount of the lipoids 
in six minutes whereas it required thirty minutes for hemolysis 
to become complete where only one-fourth of that amount of 
the lipoids was used. This behaviour of the serum seemed to 
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show that after the incubation there was less available comple- 
ment where 0.05 ec. of the ‘‘antigen’”’ had been used than where 
0.2 cc. of the ‘‘antigen”’ had been used, and indicated, therefore, 
a ‘‘specific” partial fixation of complement with 0.05 cc. of the 
‘‘antigen.’’ There was, in effect, a narrow zone of weak reaction 
with a prezone of weaker or wanting reaction. This interpre- 
tation of the phenomenon was bourne out in an examination 
that was made one week later when complete fixation was 
obtained with 0.05 cc., the prezone persisting. The disease may 
be assumed to have progressed during the intervening time, since 
treatment had not yet been instituted. 


TABLE V 
Specific delayed-hemolysis in a case of spinal syphilis 
IN EACH TUBE 0.02 cc. OF THE PATIENT'S SERUM AND 0.01 cc. OF GUINEA-PIG’S SERUM 


CUBIC CENTIMETER OF 2 PER CENT LIPOIDS 


0.2 0.1 0.05 0.02 0.01 0.001 
37°C (et H H H H H 
December 14{ 7G “4 H H H H H H 
“(| 6 min. | 8 min. | 10 min. | 25 min. | 25 min. |} 12 min 
37°C | H H H H H H 
December aif 7° oo H H H H H H 
“(| 5 min. | 6min. | 12 min. | 12min. | 12min. | 5 min 


H = Complete hemolysis. 
h = Partial hemolysis. 
0 = No hemolysis. 


Specific delayed-hemolysis was again observed in a case ex- 
hibiting symptoms of spinal syphilis. The individual had been 
treated with salvarsan and mercury about a year previously on 
account of gummata. The second test was made one week after 
the first one, the intravenous administration of neo-salvarsan 
having been made on the day of the first test (Table V). 

Hemolysis delayed for fifteen minutes or less where the smaller 
amounts of the lipoid emulsion were used has been observed in 
seven instances. Two were after incubation at 7°C. with sera 
that reacted positively at 37°C.; one was in a case of rachitis 
without luetic history and four were in cases of doubtful clinical 
diagnosis. 
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It is evident from these experiences that while delayed hem- 
olysis with the smaller quantities of the isolated lipoids is 
often a sign of a specific reaction referable to some syphilitic 
process in the individual, it cannot be accepted as positive evi- 
dence of such a process. If it persists in a second test carried 
out with a fresh specimen of the patient’s blood it may be looked 
upon as a suspicious sign and if a clear history or lesion of syphilis 
is present it can then be considered as a positive reaction. 


EFFECTS OF HEATING UPON THE REACTING QUALITIES OF THE 
HUMAN SERA 


Based in part on experiments by Dr. Barbara Hunt 


Our previously published experiences indicated that heating 
of positively reacting sera often caused the appearance of the 
prezone phenomenon with sera that, in the unheated condition, 
reacted without a prezone. Our subsequent experience has con- 
firmed this observation. 

Dr. Barbara Hunt, in this laboratory, made comparative tests 
with the isolated organ lipoids upon heated and unheated sera. 
The results of her experiments have not yet been published, but 
through the courtesy of Dr. Hunt we are permitted to incorporate 
some of them in this publication. It was found that if the tests 
are made immediately after the sera have been heated some 
sera that react even strongly in the unheated condition may 
seem to have lost completely their power of reaction, whereas 
other positive sera under similar circumstances retain their react- 
ing power. Furthermore, it was observed that in a few instances 
the minimal fixing quantity of the lipoid emulsion is smaller with 
the sera heated for one-half hour at 50°C. than it is with the 
unheated sera. These effects of heating are illustrated in Table 
VI, with the sera of cases 350 and 344. 

Each of the sera was tested in two ways; first, the minimal 
fixing quantity of the lipoid emulsion was determined with an 
equal fixed quantity of the sera, which were examined unheated, 
heated for one-half hour at 50°C. and heated for one-half hour 
at 56°C.; secondly, the minimal fixing quantity of the sera, 
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unheated and heated at 50°C. and at 56°C. respectively, was 
determined with a fixed amount—0.05 ce.—of the lipoid emulsion. 
The tests were performed simultaneously on the day on which 
the sera were heated, the incubation for fixation being at 37°C. 
for one hour. 

With serum 350 the minimal fixing quantity of the lipoid 
emulsion was greater with the heated serum than with the un- 
heated serum, but was identical with the serum heated at 50°C. 
and the serum heated at 56°C. With serum 344 there was no 
fixation obtained after it had been heated for one-half hour at 
56°C., although with the same serum heated at 50°C. the mini- 
mal fixing amount of the lipoid emulsion appears to have been 
somewhat less than it was with the unheated serum. From this 
result with serum 344 we do not assume that the heating at 
50°C. increased the reacting power of the serum; it is possible 
that the effect is produced through the destruction of the human 
complement and the development of anticomplementary sub- 
stances during the heating of the serum. That the reacting 
power of the serum is actually diminished by the heating would 
seem to be indicated by the fact (shown in the right-hand column) 
that a much larger amount of the serum heated at 50°C. is re- 
quired to produce fixation than of the unheated serum; but the 
more probable explanation of this result is that, with the smaller 
amounts of the heated serum, the quantity of the lipoid emulsion 
used fell within the prezone of wanting reaction. 

In a single instance, however, there seemed to be a real in- 
crease in the reacting power of a weakly positive serum as an 
effect of heating the serum at 50°C. for one-half hour. The 
result of this test is shown in Table VII. Even in this instance, 
however, the considerable extension of the zone of reaction need 
not have been due to a change in the reacting substance of the 
serum, for it may have been caused by some physical or chemi- 
cal change in the medium in which it was suspended. 

The complete failure of reaction in serum 344 when examined 
immediately after it had been heated for one-half hour at 56°C. 
is not to be interpreted as a permanent destruction of the react- 
ing power of the serum, for in three other instances in which 
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TABLE VII 
Showing extension of the zone of reaction as a result of heating 


IN EACH TUBE 0.02 cc. OF THE PATIENT’S SERUM AND 0.01 cc. OF GUINEA-PIG’S SERUM 


CUBIC CENTIMETER OF 2 PER CENT LIPOIDS 


0.2 0.1 0.05 0.02 0.01 0.001 
Serum 270, unheated.| +++ 4+ ae pe) oe) eee 
Serum 270, 50° C. one- 
half hourses sete ae aoa + haa at 0 0 0 


Incubation temperature for fixation, 7° C. for both tests. 
+++4+ = Complete hemolysis. 
+++ = Strong hemolysis. 
++ = Partial hemolysis. 
+ = Slight hemolysis. 
0 = No hemolysis. 


TABLE VIII 
Showing temporary loss of reacting power as a result of heating 
IN EACH TUBE 0.02 cc. OF THE PATIENT’S SERUM AND 0.01 cc. OF GUINEA-PIG’S SERUM 


CUBIC CENTIMETER OF 0.2 PER CENT LIPOIDS 


0.2 0.1 0.05 0.02 0.01 0.001 
Serum 430, unheated. 0 0 0 0 ao ++44 
Serum 430, 55° C. im- 
mediately..:....... sey ero arcrarotorieaeis) Setreeia | Sparacce | S======= 
Serum 4380, 55°C. after 
24 hOUTS See eer 0 0 0 0 0 ++4++ 
Serum 444, unheated. 0 0 0 0 0 =— 
Serum 444, 55° C. im- 
mediately.......... SPoerar| Srararoe | iceman @aeaesiere | acaca- > 
Serum 444, 55°C. 
after 24 hours...... RARE ESe!) SPS aPsrlerararan| crc Srop aeclaeteahs 
Serum 456, unheated. 0 0 0 0 +++4+-+4+) +4+4++4+ 
Serum 456, 55° C., im- 
mediately..........) +++) +++] +++4+} ++++] ++4++4+] ++4++4+ 
Serum 456, 55°C., 
after 24 hours...... 0 0 0 — ++++}] ++++ 


++++ = Complete hemolysis. 
+++ = Strong hemolysis. 
++ = Partial hemolysis. 
0 = No hemolysis. 
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positive sera were completely negative when examined imme- 
diately after they were heated, these sera recovered the power 
of reacting upon standing for twenty-four hours in 10 per cent 
dilution in the ice chest. The recovery was complete in one 
case—430—nearly complete in another case—456—and slight in 
a third case—444 (see Table VIII). 

The peculiar influence of heating upon the reacting quality of 
serum no. 498 merits special reference. The results of the test 
with the unheated serum and with the serum twenty-four hours 


TABLE IX 


Showing a loss of power to react at ice-box temperature caused by heating the serum, 
the power to react at 87° C. being retained. 


IN EACH TUBB 0.02 cc. OF THE PATIENT’S SERUM AND 0.01 cc. OF GUINEA-PIG’S SERUM 


CUBIC CEETIMETHR OF 2 PER CENT LIPOID 


0.2 0.1 0.05 0.02 0.01 0.001 
eal Wuheated. 0 0 0 0 0 0 
37° C. Heated 53°C. 0 0 0 0 0 0 
eae liahented: 4... ira NS |eareare ea peo par a ig 0 


Bea Heated 68°C.) FP EE tet) ae) el 


+++4+ = Complete hemolysis. 
++ = Partial hemolysis. 
+ = Slight hemolysis 
0 = No hemolysis. 


after it had been heated for one-half hour at 53°C., are shown 
in Table IX. Whereas the power of reacting at ice-box tempera- 
ture was completely lost, the reacting power at 37°C. was appar- 
ently unaffected. 


INFLUENCE OF INCUBATION TEMPERATURE UPON THE WASSER- 
MANN REACTION AS PERFORMED WITH THE 
ISOLATED ORGAN LIPOIDS 


In our former publication we stated that the varying influ-- 
ence of incubation temperature upon the Wassermann reaction 
that had been described by Jacobsthal and later by Guggen- 
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heimer under the original technique is observed also when the 
isolated organ lipoids are employed. In the present series 828 
tests have been carried out at the two incubation temperatures— 
37°C. for at least one hour and 7°C. (ice-box temperature) over- 
night, that is, from eighteen to twenty-four hours. Of these 
828 sera 584 reacted negatively at both temperatures; 203 reacted 
positively at both temperatures; 28 reacted negatively at 37°C. 
and positively at 7°C.; and 13 reacted positively at 37°C. and 
negatively at 7°C. Differences in the manner of reaction—due 
to a difference in incubation temperature—that did not affect 
the diagnosis have been described in the discussion of the prezone 
phenomenon. 


CHANGES IN THE RESULT OF THE WASSERMANN TEST DUE TO 
STANDING OF THE SERA 


We have already shown that some luetic sera, when examined 
immediately after having been heated for one-half hour at 53° 
to 56°C., may react completely negatively with the isolated organ 
lipoids, but if the test is repeated after the heated sera have 
stood for an interval of eighteen to twenty-four hours, a positive 
reaction will result. 

In four instances of known luetic infection we have obtained, 
with the unheated sera, a negative reaction in the examinations 
that were carried out on the day on which the blood had been 
drawn but found the reaction positive upon examining the un- 
heated sera again after an interval of twenty-four hours or more, 
at which time the sera had not become anticomplementary. 
The results of the tests in the four cases—no. 580, 918, 1023 and 
1031—are shown in Table X. In case 663 a weak positive 
reaction was obtained at the first test and a strong reaction 
resulted from the test that was made twenty-four hours later. 

It could be thought that the increased reacting power just 
described is due to the deterioration of the complementary power 
of the human sera and for this view there is some support in the 
observation that in one instance—no. 1031—in which the com- 
plementary power of the serum was determined, that function 
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had diminished 50 per cent during the interval between the two 
tests. This argument, however, loses force in the face of the 
fact that strongly positive reactions have often been obtained 
with freshly taken sera that showed a complementary power as 
strong as it was in the five cases of Table X. This fact together 
with our experience with the heated sera referred to at the begin- 
ning of this chapter, makes it seem more likely that the phe- 
nomenon is due to a physical or chemical change in some element 
of the serum other than complement. 


TABLE X 


Illustrating changes in the result of the Wassermann test due to standing of the sera 


IN EACH TUBE 0.2 cc. oF 10 PER CENT PATIENT’S SERUM AND 0.1 cc. or 10 PER CENT GUINEA-PIG’S SERUM 


CUBIC CENTIMETER OF 0.2 PER CENT LIPOID EMULSION 
WHEN EXAMINED 


0.2 0.1 0.05 0.02 0.01 0.001 

58 Immediately.... H isl H H H H 
“~~ | After 24 hours. . H H H 0 h H 
918 Immediately.... 0 h H H H H 
After 24 hours. . 0 0 0 0 0 h 

1023 Immediately.... 0 h H H H H 
After 24 hours.. 0 0 0 0 H H 

1031 Immediately.... 0 H H H H H 
After 24 hours.. 0 H H 0 0 0 

663 Immediately.... H H H H H h 
After 24 hours.. 0 0 0 0 0 0 


H = Complete hemolysis. 
h = Partial hemolysis. 
0 = No hemolysis. 


In some instances of treated syphilis the reaction did not 
become positive till the sera had stood forty-eight hours or more, 
but in a few other cases without specific history of lesions positive 
reactions were also obtained after the sera had stood for two 
days or longer. This experience gives additional reason for our 
recommendation that the sera be examined with the use of the 
lipoid antigen within twenty-four hours after the blood has been 
taken. 

In no case has a positively reacting serum become negative 
on standing. 
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COMPARISON OF THE RESULTS OBTAINED WITH THE ORIGINAL 
WASSERMANN TECHNIQUE AND THOSE OBTAINED WITH 
THE ISOLATED ORGAN LIPOIDS 


The performance of the Wassermann test as it was originally 
prescribed in the serum diagnosis of syphilis is surrounded with 
many technical difficulties, chief among which may be placed the 
obtaining of a “‘good antigen.” The ‘antigen’ preparation 
originally prescribed was an alcoholic or carbolized watery extract 
of the liver of a syphilitic foetus. Many laboratories, however, 
find it difficult or even impossible to keep themselves supplied 
with material from this prescribed source and under such circum- 
stances extracts of other tissues, particularly that of normal 
cardiac muscle, have been substituted. It is a fact of common 
knowledge that the extracts of different syphilitic foetal livers 
vary greatly as to their availability for the Wassermann test, 
and even among a number of usable extracts there is often one 
that is considered especially ‘‘good.’’ The criterion of ‘“‘good- 
ness,”’ here, lies in the quantitative degree of complement fixa- 
tion that occurs in known cases of syphilis and in the qualitative 
degree of specificity, as far as this may be determined by the 
application of the test to diseases other than syphilis. 

The difficulty of obtaining a syphilitic foetal liver for the prep- 
aration of the ‘‘antigen’’ seems not to be the only disadvantage 
that attaches to the use of the originally prescribed ‘‘antigen”’ 
preparations. An analysis of the reports from laboratories in 
some of the larger European cities shows that even under circum- 
stances favorable to the securing of suitable material and in 
the hands of trustworthy workers, the original technique of the 
Wassermann test produces results that leave much to be desired. 

The percentage of positive reactions obtained in cases of un- 
treated syphilitic lesions varies widely with the different ob- 
servers, and even with two sets of observers working in the same 
laboratory and employing presumably the same reagents. 

Thus, in the primary stage of the disease positive reactions 
were obtained by Hoehne, in 38 per cent; Bruck and Stern, in 
48 per cent; Ritz and Sachs, in 53.5 per cent; Citron and Blaschko, 
in 90 per cent. 
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In the secondary stage of the disease positive reactions were 
obtained by Hoehne, in 79.1 per cent; Bruck and Stern, in 79.1 
per cent; Ritz and Sachs, in 98.9 per cent; Citron and Blaschko, 
in 98.0 per cent. 

In the tertiary stage of the disease positive reactions were 
obtained by Hoehne, in 63.6 per cent; Bruck and Stern, in 57.4 
per cent; Ritz and Sachs, in 63.7 per cent; Citron and Blaschko, 
in 91.0 per cent. 

The great differences in these percentages of positive reactions 
demonstrate that under circumstances favorable to the securing 
of suitable ‘‘antigen’’ preparations as originally prescribed, some 
hitherto uncontrolled factor interferes with the obtaining of 
uniform results with the original technique by the different 
workers. 

Furthermore, some of these workers report different experi- 
ences with those individuals that show no signs of syphilis and 
deny a luetic history. In this respect the reports of Hoehne (3) 
and of Ritz and Sachs (4) are of especial interest. 

Out of 320 cases offering neither luetic history nor symptoms 
pointing to syphilitic infection Hoehne reports two cases giving 
a positive Wassermann reaction. There were some other cases 
(in Table III) in which ‘keine gesicherten Anhaltspunkte fir 
Syphilis vorlagen” that gave a positive reaction. Three, at 
least, of this latter group would seem to have required particular 
investigation; namely the two positively reacting cases of tuber- 
culosis and the one case of uraemia. However, we are left in 
ignorance of the further history of these cases, so that the diag- 
nosis remains uncertain. The results in these five cases do not, 
according to Hoehne, offer any ground for doubt as to the 
specificity of the Wassermann reaction. Indeed, in clinically 
doubtful cases he accepts a positive reaction as pathognomonic 
evidence (5) of luetic infection. 

In the report of Ritz and Sachs, also, information is iacaae as 
to the subsequent clinical history and diagnosis in the clinically 
doubtful cases of ‘Table II;” and it is to be assumed that, in 
those cases, whenever the Wassermann reaction was positive the 
existence of syphilis was considered proven. Yet out of 980 
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individuals that denied having had syphilis the reaction was 
found to be positive in 130; 1.e., in over 13 per cent; and out of 
2213 individuals in whom luetic history was “questionable or 
lacking” the reaction was positive in 461; i.e., in over 20 per cent. 
Against the possibility of some of these ‘positive’ reactions 
having been found in non-luetic individuals, the authors argue 
that, in their experience there was no disease beside syphilis in 
which positive reactions were especially frequent. But analysis 
of ‘Table II’”’ seems to show that among those individuals deny- 
ing a history of syphilis the positive reaction is more frequent in 
pregnancy (20 per cent), in tuberculosis (three cases) and tumor 
(three cases) than in the other conditions mentioned in the 
table. 

It is evident, then, that relatively many more positive reactions 
were obtained by Ritz and Sachs than by Hoehne in individuals 
denying a history. of syphilis; and since the former authors 
express no doubt as to the specificity of the “positive” reaction 
as obtained with their technique, it must be inferred that they look 
upon the additional positive reactions in this group as so much 
to the advantage of their method of examination. 

It happens that the examinations forming the basis of the two 
reports that we have just discussed were carried out in the 
same laboratory, Hoehne’s study having preceded that of Ritz 
and Sachs. Hoehne’s percentages of positive reactions in the 
different stages of syphilis were relatively low. Ritz and Sachs, 
referring to this fact, state that in order to improve upon Hoehne’s 
figures they have modified the original Wassermann technique, 
which was employed by Hoehne, first, by using, instead of half 
of the amount of extract that, by itself, was not anticomple- 
mentary, the whole of that amount; secondly, by ‘‘reading the 
test as soon as the controls permitted it.” With these changes in 
technique a great increase in the percentage of positive reactions 
was obtained with sera of known luetic origin, and this is the 
chief support of the belief of Ritz and Sachs that as many as 
13 per cent of individuals denying luetic history are infected 
with syphilis and are in such a condition as to exhibit a positive 
Wassermann reaction. 
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Our own experiences with the Wassermann reaction as per- 
formed with the isolated lipoids of the ox’s heart and with the 
alcoholic extract of guinea-pig’s heart muscle make it seem 
probable that many of the positive reactions reported by Ritz 
and Sachs under ‘‘Table II’”’ were non-specific reactions. 

With the isolated ox-heart lipoids employed in the manner 
that we have previously described we have obtained the follow- 
ing percentages of positive reactions in clinically recognized 
syphilis: 

TABLE XI 


Summary of the results obtained in cases of known syphilis 


NEGATIVE POSITIVE 

OTA TS || ees | Ee ee | peRCENTAGE OF 

CASES | First |Second| First | Second| POSITIVE RESULTS 
test test! test test 


per cent 
ed the primary lesions pres- a : . es Py ixt teat’ 85.5 
Oils Jeet Se OE ee eA ee Saas teeOunes 
Secondary lesions present..... 42 2 13_| 40 41 Wey MEAS Ea 


E : 2nd test 97.6 
Tertiary lesions present ae 


(a) No treatment within six 


MTOM SH es tal nsheps eens 65 8 57 87.6 
(b) Under treatment........ 14 9 5 Soh 
(a) and (b) Taken together.| 79 17 62 78.4 


Latent syphilis 
(a) No treatment within six 


NONI odo obwoe seobee 47 30 17 36.0 
(b) Recently treated........ 65 52 13 20.0 
(a) and (b) Taken together .| 112 82 30 26.7 


1 Made before the appearance of the eruption. 

2 Became positive upon the appearance of the eruption. 

This negative case was given salvarsan upon the finding of spirochaete 
and several subsequent tests resulted negatively. 


On the other hand, out of 248 diseased individuals exhibiting 
no syphilitic lesions and from whom no history of syphilis could 
be obtained only 4 (less then 2 per cent) gave positive reactions. 

With our method of employing the isolated ox-heart lipoids 
we have obtained, therefore, a relatively low percentage (com- 
pared with the figures of Ritz and Sachs) of positive reactions 
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TABLE XII 


Summary of the results in individuals giving no history of syphilis and showing 
no symptoms of syphilis 


PERCENT- 
CLINICAL DIAGNOSIS plaice a NEGATIVE | POSITIVE AGE 
POSITIVE 


TiberculoOsis. 255-04 05. 9 oka eeererre 2, 
Choresiand rheumatism... 2.2..--0- 4066 
Riekets:.. 5.20: SR Ra As er Mercer are te 
Non-syphilitic eruption................. 
Malaria pi) fey eeie eee ee ee 
Mah enant tumory...-ceere cen erences 
VAUNGICO A cntins Ghar oe OTe ter oe earn 


(SS) 
OF NRF KF PONTO WOD Ow 


Blastomycosishseeecs cee c eee eee Coe 
PNEUMONIA eee rch ee Oe ren oes 
Glam psiains oles te ee ete cise 
Chancroids cic. cr oor ROE dake nee 2 
Surgical and*otherss: see cee eee ae 123 121 


—_—_—————_ |_| | 


(JN) 
Nr PON WOWHO MD Ow 


to 
or 


in individuals denying luetic history, and a relatively high per- 
centage of positive reactions in clinically recognized syphilis. 

Similar differences were observed in the results obtained in 
our own parallel tests with the isolated lipoid antigen and the 
alcoholic extract of guinea-pigs’ heart muscle in a series of 706 
cases. 


The extract of the guinea pigs’ heart muscle was prepared by plac- 
ing the finely comminuted muscle of several hearts in an amount of 
95 per cent alcohol that was equal to 10 cc. to each heart and filtering 
off the fluid after twenty-four to forty-hours. The extract was allowed 
to stand at room temperature and was replaced with a fresh prepara- 
tion at the end of two weeks. It was used in a 1 to 5 dilution in saline 
solution, the extract and saline solution being mixed slowly by layering 
and gentle shaking. Preliminary determination of the anti-comple- 
mentary action of the extract was made immediately (on the same day) 
before each series of examinations. The reaction was always carried 
out with one-half of the smallest slightly anti-complementary quantity 
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of the extract and with one-quarter of that quantity. The results 
obtained with the larger amount of antigen are the ones considered in 
this comparative study. The patient’s serum was heated for one- 
half hour at 55°C. and was used in a single amount of 0.02 cc. undi- 
luted. The guinea pig’s serum was diluted 1 to 10 and of this dilution 
0.1 cc. was used in each tube. The reaction mixtures were incubated 
for one hour and twenty minutes for the fixation, in a bath of crushed 
ice and water. 


In 650 of the 706 cases the results of the tests were the same 
with the two ‘‘antigens.” In the remaining 56 cases different 
results were obtained as follows: 


Positive with the alcoholic extract; negative with the isolated lipoids 


cases 
No history nor ‘symptoms: of syphilis;. (<. .2.....2c.4.,62-.2.. 2 27 
(eeAraerculasis: 2. 3/4550 5. Pee as SUNOS ca Nhe eo ay ak oa 16 
(ERG ALCINOMAS 5.0 VS0c Te eP Ry OR AES 3 OAR me fs Sula 4 
(©) No: detinite\clinical diagnosiss.. 4-es........ 0 eee ee 5 
CO) OL CER Ae A 8 SR Ca ARNT te 7 yelp eg Ones Lg 1 
(e)iGastricstrouble: oh cgr cp Mamas tei isd. ee ee Wd 1 
Treated syphilis without symptoms................................. 14 
MenesemptMIGTCLeSIONSS.. 12. oor oa eth e els elves oh ave hk baa 4 
PUSEREN BRULEE tee Marre nto en nm he be Sel ie em | Neeindh eat UMD 2 
Extentisyphilis without lesions... 20) 05.6 ..6. econ oko shoe. 1 


Positive with the isolated lipoids; negative with the alcoholic extract 


Wo history nor symptom of syphilis,......2..... 2... bcecceeences 2 
\E)) CETTE St Be 2a oa Oa is Rg ea Oe A aR OU ar A a 1 
EV) LETT DST Gy ee Oe Rm 1 
Treated syphilis without symptoms...................0..0.0.e00-0.. 1 
LENE SHE UTA OSG Te 2 er rr re ee 4 
Siete eye OLO mE rare Re oe Pa ge ny 1 


A further series of comparative examinations was carried out 
chiefly upon individuals suffering with diseases other than syph- 
ilis. The material for most of these examinations was obtained 
at St. Joseph’s Hospital in New York City through the courtesy 
of Dr. J. D. Kernan, Jr. The results of the tests are shown in 
Table XIII. 

All of the tests performed with the guinea-pig’s heart extract 
were carried out with heated patient’s serum—56°C. for one-half 
hour. Cases 757 to 770 inclusive were examined at the same 
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TABLE XIII 
8 | CUBIC CENTIMETER OF FE CUBIC CENTIMETER OF 2 PER 
| & ALCOHOLIC EsTRACT OF | I CENT METHYL ALCOHOLIC 
is GUINEA-PIG’S HEART Ve SOLUTION OF O -HEART 
a MUSCLE, 1-5 IN NORMAL | & LIPOIDS, 1-10 IN NORMAL 
4 a SALINE SOLUTION & ra) SALINE SOLUTION 
a5 Pa 
s& Le} Nn “ = |S fh 1 aQ — S 
BA eg re SS) SoS Sica eal] ee eos 
SOLS aS ea oe a eS oa a eae 
scr eas Gen Rae 
Antigen control. Patients se- O: redicee | a fa |e) ele ler ee 
TUMMOMItLed cere eres ae 
20 cases of treated syphilis!) 37\|_ | | Sai. 
and other diseases. ....... TiN ed pia Reo Pept so Fe as ade ch PISA 
6 cases of secondary and ter-{) 37 Woultacl aul 
a eee CHV ac hea gd fie a | bas aca fae 
764 Pulmonary tubercu- {| 37) ¢ |} c¢ } ¢j|e¢)}e¢/c/ 37 ¢ Ne veal cekleee oe 
losis ee ee 70/0/0;/0;O0}c} 7 stil | 
ead 37|st|st}/ cj} cj}ec]e] 37 | 
165 eee UM TG. De csisiacsia1- eee 7ololololmie| 7fe|°}° ¢.|c}e¢ 
37| 0 | ¢ | 37 | 
(GOMER UM sted a ee ee Fo lohele|ele| tele elelele 
Chyna dloaeianoddaaco oc ale | cel eter tes] elpe de lcceeoneen te 
C/G NeakG: (iealaad, 
37/0 | 0| ee ee es | 
796/<eP ulm st. Deni... tos see aa lee\oa oie SW ape Hee aieaag 
37| 0 st. Sait, 25) 
Jot Meum. t. Dix... Geet ee Zoo fe Pee Tee E ais) cal Senses 
37|m | c | eval |e 
(OSaeRulmert. Dates cer eee HOVON Ve | Wao ed oy ey eras 
37|}0 |} cj ¢ [S7ileny ce 4 
TAD) JES (8p OnE oosnoouce Fo lola] etel ateleje|e|ele 
37| ¢ | Pex 
7AiDs JHU IINS Ul pores 6 coco bic 70 OCs ae ca as Paap 
37| ¢ | 371 ¢ |) | 
(tie JAMBA Ams coosoetc 70 cjcjeje Wf jhe |e cl c\e 
37] ¢ 37 | 
(62) seOlny. G2 Bi: «5 ce isistaie 70 cje}ele] pre|e|;e;eje/e 
760" seulme tobi an. oes gg ee ae e|/e|e|lel|e 
e 37| ¢c 37/ | 
(yp LENA ldpeeocacedo se 710 c}eje}e} pre|e;ele Chine 
37] ¢ | | 37 
LOSe RUM Ge Dee sens ee 71 0 | cjejeje} are G |e) ¢ heire 
(Oembulmstabs ssc ec Sell cic}ele oie ae clcic 
m | i 
(98 *Pulms t. Dinpase ces see le CHPcaiealec oaNe Ch Cuinehinculine 
c | | 7) 
| 
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TABLE XIII—Continued 


se CUBIC CENTIMETER OF | CUBIC CENTIMETER OF 2 PER 
& ALCOHOLIC EXTRACT OF lay | CENT METHYL ALCOHOLIC 
Q GUINF£A-PIG’S HEART a SOLUTION OF OX-HEART 
|& | MUSCLE, 1-5 rN NORMAL ||& | Liporps, 1-10 IN NORMAL 
Is a) SALINE SOLUTION rs al SALINE SOLUTION 
Bel = [82 3 
Bs [3/8/85 (SE iss i318 is 1s 
es ge Sa Sa iPS SS ae 
el ay Ko 
| 
7M) TEAMS isd Bane Coe ae st q he Chics iGairic at clelcjecje 
815 Pulm. t. b. admits ve- Lt 
2 37| 0 | 
nereal disease but ¢ | ¢ | ¢}e].e' 37 
7| 0 Cite nen izesincaiac 
MOU MeSH cee 7) 
371ele 37] 
SIGRVeUlM stabs ek eee. elie e/ele mej; e|elele oh 
ro 4 let bers tr io eee ae The cicicic 0 | he cielecle e 
S43 eb ulmests bet. iased 6 eq.0 0 |m |. cle aut elelclicle| 
7ele| elf | 7 
SA Seems b Dee a oe 7° fhe cile/e 0) rhe ecleiclele| 
| 
sales tie be3,0- kd ieides The ci/elicicjc a Ge |} ¢)| @ ie) e 
| | 
SHIGE od F401 Sa 0 ele he ec/e|jcie he e}elelciec 
; 371c | ele | 37 
911 Malignant tumor..... alo lala Je ele 7c CElkeriicr cive 
802 Malignant tumor..... - : he cle|ele a ChleeuleG) lec: | (er ine 
ane 37; ec] ec 37| 
668" sNephritis: 9).00)4.!a2. 7101 sl he clele 7 CHInca teu) cul tenke 
727 Primary sore; eruption|| 37 Sis 2 37,0; 0} 0 | st ealle 
one week later...... 7(° GEE 7) O}sti cle 
9 37, 0 | 0 |st 37 
SiGn (Primary SOre:.)..-%'.2 2: 70 /l0/lm jst cic “to 0;0;0/0/0 
; : 37| ¢ 37,0)0/m 
683 Tertiary ulcer........ 7| sl he CLIO H SOs ols elie he cle 


0 = No hemolysis. 

ce = Complete hemolysis. 
st = Strong hemolysis. 

m = Moderate hemolysis. 
sl = Slight hemolysis. 


time, on the day after the blood had been obtained. Case 763 
was one of pulmonary tuberculosis with a clear history of syphilis 
but without apparent lesions of that disease. Complete fixation 
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was obtained in this case with 0.02 cc. of each of the “antigen”’ 
preparations. 

We may summarize the results shown in Table XIII as follows: 

First, since 0.1 cc. of the diluted extract of the guinea-pig’s 
heart is the greatest quantity that, of itself, is not anticomple- 
mentary, the amount prescribed for the Wassermann test under 
the original technique was 0.05 cc. 

Secondly, since in 20 cases of thoroughly treated syphilis with- 
out symptoms, and of other diseases, no inhibition was obtained 
at either incubation temperature even with 0.2 cc. of the diluted 
extract of the guinea-pig’s heart, the specificity of the positive 
reactions obtained with 0.05 cc. or even with 0.1 ec. (as under 
the practice of Ritz and Sachs) would not ordinarily be ques- 
tioned. The result of the tests in the same cases with the ox- 
heart lipoids was, in every instance, also, entirely negative. 

Thirdly, in six cases of untreated secondary and tertiary 
syphilis complete fixation was obtained at both incubation tem- 
peratures with 0.001 cc. of the diluted extract of the guinea-pig’s 
heart (i.e., 1/50 of the prescribed amount) which may be accepted 
as satisfactory evidence of the adequate “‘antigenic’’ power of 
the preparation. In all of these cases a similar result was ob- 
tained with the ox-heart lipoids. 

Fourthly, out of 26 cases of tuberculosis, malignant tumor and 
nephritis, all denying syphilitic infection, three cases of tubercu- 
losis reacted positively with as little as 0.02 cc. of the diluted 
extract of the guinea pig’s heart, and nine cases of tuberculosis, 
one case of malignant tumor and the case of nephritis reacted 
positively with 0.1 cc., i.e., the quantity employed under the 
rule of Ritz and Sachs. All of these cases were negative with 
the isolated lipoids. 

Fifthly, in one case of chancre, no. 727, and in one of tertiary 
ulceration, no. 683, the reaction was distinctly positive with 
the isolated lipoids but it was completely negative with even 
0.1 cc. of the diluted extract of the guinea-pig’s heart. In 
another case of primary luetic lesion—case no. 876—the reaction 
with the isolated lipoids was strong but with 0.05 cc. of the 
extract of the guinea pig’s heart it was weak. 
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The foregoing comparative study seems to show: first, that the 
percentage of positive reactions obtained in the different stages 
of active syphilis is about the same with the two antigen prepa- 
rations as employed by us; secondly, that the positive reaction 
produced with the isolated lipoids disappears sooner after the 
apparent lesions of the disease have yielded to treatment than 
does the reaction produced with the raw alcoholic extract wang 
thirdly, that the number of positive reactions obtained in indi- 
viduals denying luetic infection and exhibiting no clinical symp- 
toms of the disease is much greater with the raw extract than it 
is with the isolated lipoids. 

The insuperable difficulties that stand in the way of determin- 
ing whether all of the last mentioned group of individuals had 
ever become infected with syphilis make it seem inexpedient to 
enter into a discussion of those cases. 
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There is an extensive literature presenting experiments de- 
signed to show that the leucocytes play a more active part in 
ridding the organism of injected bacteria in immunized animals 
than in normal ones. This qualitative response on the part of 
the leucocytes has been very carefully studied and is specific. 
Gay and Claypole (1) have, however, recently described a quan- 
titative response in the leucocytes of immunized animals whick 
they claim is also specific. Upon injecting a normal rabbit 
intravenously with typhoid bacilli there results first a leucopenia 
and then a hyperleucocytosis; if a rabbit immunized against 
typhoid bacilli is similarly injected, they found likewise first a 
leucopenia and then a hyperleucocytosis, but the hyperleucocy- 
tosis in this case was much greater in degree than that called forth 
in the normal animal. Their table indicates that normal rabbits 
will show a maximum of about 35,000 to 60,000 leucocytes to the 
cubic millimeter, while the rabbits immunized against typhoid 
bacilli yield counts of 60,000 to 150,000. They injected a rabbit 
immunized against typhoid bacilli with staphylococcus aureus and 
observed only a slight grade of leucocytosis. They therefore 
concluded that the extreme hyperleucocytosis of the immunized 
rabbits is specific. A similar specific hyperleucocytosis was ob- 
served by them after the injection of horse serum and the red- 
blood cells of the sheep and guinea pig. This phenomenon which 
had apparently been overlooked by previous workers on the 
leucocytes was set forth as a new and fundamental principle in 
immunity, and seemed of sufficient importance to demand con- 
firmation by other workers. 

159 
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Ichikawa (2) had shown that a remarkable recovery by crisis 
is produced in about fifty per cent of the typhoid fever cases 
treated by the injection of typhoid vaccine intravenously. Some- 
what later R. Kraus (8) and his co-workers in the Argentine 
Republic showed that a vaccine of B. Coli can produce the same 
crisis with recovery in typhoid fever as the typhoid vaccine. It 
occurred to us that the hyperleucocytosis described by Gay and 
Claypole might be connected in some way with the recovery of 
these typhoid fever patients after the intravenous treatment; if 
this were so, then R. Kraus’ results would lead one to suspect 
that the hyperleucocytosis is not specific. This question of 
specificity we did not consider settled by Gay and Claypole’s 
single experiment with the staphylococcus aureus, since this or- 
ganism is so far removed from the typhoid group. We decided 
to use the B. coli as a control to test for specificity because of 
R. Kraus’ favorable results in treating typhoid patients with this 
organism and because also it belongs to the same general group of 
bacteria as the typhoid bacillus, though it is immunologically 
distinct. 

Gay and Claypole used in their experiments a typhoid culture 
that had been passed through two rabbits two weeks after its 
isolation from a human blood culture. It was grown on rabbit 
blood agar. One half a slant of the living culture was injected. 
They state, however, that ‘“‘a specific response in the typhoid im- 
mune animals may be produced by the injection of various ty- 
phoid vaccines as well as by the living culture.” In most of our 
experiments a laboratory strain of B. typhosus that had been 
carried on nutrient agar for about ten years was employed. The 
strain of B. coli communis had also been grown on artificial cul- 
ture media for several years. When killed cultures were used, 
the suspension of bacilli was heated for 1 hour at 58° to 60°C. 
Gay and Claypole obtained their maximum blood counts in from 
eighteen to twenty-four hours after the injection, though this was 
preceded by a less marked crisis at about the twelfth hour. We 
began our counts at the eighteenth hour and continued them un- 
til the maximum was passed. This usually extended through the 
twenty-eighth hour, since we always wished to record two suc- 
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cessive counts lower than the maximum as an indication that the 
count was approaching normal. During this period we endeav- 
ored to make counts at one hour intervals and, as the leucocytes 
increased in number, even at half hour intervals. When the 
counts were running quite low it seemed safe occasionally to ex- 
tend the interval to two hours. 

The rabbit was kept in a warm room throughout the experi- 
ment, and was put into a metal box with double walls containing 
warm water, when blood for the counts was to be obtained. In 
this way free circulation in the ear vein was always assured, it 
being feared that impaired circulation might lead to inaccurate 
(too high) counts. 

The rabbits included in tables 1, 2, and 3, were immunized with 
typhoid cultures grown on plain nutrient agar, and received such 
cultures also for the injection previous to the blood counts. The 
other rabbits were given cultures grown upon rabbit blood agar, 
as in the experiments of Gay and Claypole. 

The rabbits shown in table 1 were both highly immunized 
against typhoid bacilli. Rabbit 96, which had received seven 
injections of large doses of B. typhosus during a period of two 
months was injected eleven days after the last immunizing in- 
jection with one-fourth of an agar slant of a killed typhoid cul- 
ture. The highest count was 42,900. Seven days after this 
injection the rabbit was injected with one-sixteenth of a standard 
agar slant of killed colon bacilli. Following this injection the 
highest count was 43,000. Rabbit 7, which had received eight 
injections of large doses of B. typhosus during a period of two 
months was injected seven days after the last immunizing dose 
with one-fourth of a slant of a killed colon vaccine. Five days 
after this injection it received one-fourth of a slant of killed ty- 
phoid culture. The highest count after the colon injection was 
twice as much as the highest count after the typhoid injection. 
These two animals indicate that the hyperleucocytic response is 
not specific; since B. coli in one instance called forth just as 
great a leucocytosis as B. typhosus, and in the other case even 2 
much higher one. 
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The rabbits in tables 2 and 3 were immunized by giving the 
injection at short intervals as recommended by Gay. Rabbit 
86, typhoid immune, was injected with a heated typhoid vaccine 
seven days after the last immunizing injection, and seven days 
after this injection it received heated colon vaccine. The colon 


TABLE 1 
RABBIT 96 RABBIT 7 
HOURS AFTER Immunized against B. Typhosus Immunized against B. Typhosus 


INJECTION 


Injected with B. Ts : A : Injected with B. 
= = jected with B. Injected with B. 
Typhosus after Coli after 7 days Coli after 7 days Ty phowus after 


11 days ays 

Control 13,800 8,100 9,600 

18 42,300 37,000 10,400 15,400 

183 42,900 41,400 15,600 

19 30,200 37,400 14,800 15,400 

193 38,800 37,400 

20 33,800 17,000 14,200 

203 33,800 32,200 

21 29,000 33,600 16,400 16,600 

213 27,600 15,400 

22 13,000 

22% 39,800 19,200 

23 37,600 41,000 20,400 15,200 

234 43,000 16,000 

24 30,200 37,200 20,400 14,000 

242 28,000 33,100 21,000 13,800 

25 28,000 32,000 

253 23,600 39,600 30,000 16,400 

26 41,900 30,100 13,200 

263 23,400 36,800 26,200 13,800 

27 21,600 35,400 25,200 13,600 

273 

28 30,400 

28} ! 


vaccine caused a much greater leucocytosis than the typhoid 
vaccine. Rabbit 85, a normal rabbit, was counted after its first 
injection with typhoid vaccine. Thirty-nine days after the last 
immunizing dose it received an injection of live typhoid vaccine. 
The counts were no higher in the immune than in the normal 
rabbit. Rabbit 93 gave an extremely high count after its first 


HYPERLEUCOCYTOSIS 163 


injection with B. coli, but later when immunized and tested B. 
typhosus called forth a greater response than B. coli. Rabbit 
19, typhoid immune, was injected with B. coli seven days after 
its last immunizing injection and also showed a marked leuco- 
cytosis. 


TABLE 2 
RABBIT 86 RABBIT 85 
HOURS AFTER Immunized against B. Typhosus Normal Bea ar eel ee 
INJECTION RE See ee ee ee | eee eee 
‘Rrobonunatter | Gissatnyags | Tayghoaas ® | “Prohowe ater 
Control 13,800 11,500 8,600 8,600 
18 23,400 39,400 20,600 17,300 
183 19,400 31,400 14,000 13,600 
19 19,500 31,300 14,400 22,400 
193 19,300 19,600 
20 18,700 24,800 13,200 20,000 
204 17,400 
Dil 26,400 13,800 15,000 
213 34,900 
22 16,800 29,900 14,000 
223 12,200 
23 18,400 24,800 14,800 
234 18,200 15,600 12,650 
24 19,200 26,800 15,500 
24} 21,000 25,300 13,200 18,300 
25 18,800 22,000 
253 15,000 23,200 13,400 17,600 
26 14,200 16,400 
263 18,200 32,200 14,200 14,800 
27 16,800 30,600 15,200 
Qs 14,200 19,600 15,400 
28 26,400 13,200 14,200 
283 
29 


Since Gay used rabbit blood agar cultures in all of his experi- 
ments it was thought that our failure to get the specific extremely 
high hyperleucocytosis described by him might have been due to 
the fact that our cultures were grown on plain nutrient agar. 
The rabbits in table 4 and those in the experiments following 
were immunized and tested with cultures grown on 10 per cent 
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rabbit blood agar. Rabbit 82, typhoid immune, after an interval 
of forty-one days was injected with typhoid vaccine, and twenty 
days after this injection it received colon vaccine. The blood 
showed a slightly greater leucocytic count following the colon 
vaccine. Rabbit 83, colon immune, following an injection of 


TABLE 3 
RABBIT 93 RABBIT 19 
HOURS AFTER Normal Immunized against B. Coli Immunized against 


. Typh 
INJECTION B. Typhosus 


Injected with B. 


Faget wth | Tevoboecnater’ | Jajead with B. | Injected with B 
Control 7,200 7,800 9,800 13,800 
18 22,000 17,000 17,000 19,200 
18} 52,400 17,200 12,400 23,600 
19 18,400 19,600 19,200 
193 19,800 17,600 19,800 

20 20,400 19,600 18,600 22,600 
204 13,600 24,000 14,400 27,600 
21 12,200 22,400 24,000 
214 11,600 

22 9,700 15,600 22,600 
223 14,200 

23 13,000 24,200 10,000 26,800 
233 14,200 18,600 10,200 23,400 
24 15,800 23,800 
243 15,500 25,000 11,200 21,800 
25 17,800 21,000 

253 12,800 23,000 9,400 22,100 
26 12,600 25,000 11,000 

263 14,200 24,200 13,600 22,800 
27 18,200 26,800 11,200 31,100 
273 15,800 29,000 9,600 

28 26,600 10,000 29,000 


live colon vaccine after an interval of forty-two days showed an 
extremely high leucocytosis. Forty days later when injected 
with typhoid it reacted similarly to a normal injected rabbit. 

In none of the rabbits tested was an extremely high leucocytic 
maximum reached. This differed so from Gay’s results that a 
more comprehensive experiment was planned. Since different 
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rabbits might presumably show wide variations in their leuco- 
cytic response to the injection of vaccine, it was decided to inject 
the normal rabbit and count the leucocytes, then to immunize 
that same animal and again study the behavior of his leucocytes 


TABLE 4 
RABBIT 83 RABBIT 82 
ee a ne Normal Immunized against B. Coli |Immunized against B. Typhosus 


INJECTION 


: . Injected with | Injected with | Injected with | Injected with 
Enjeoved wath B. Coli after B. Typhosus | B. Typhosus | B. Coli after 


s 42 days after 40 days | after 41 days 20 days 
Control 16,400 12,000 9,250 11,000 
18 17,500 12,900 19,000 26,750 
18} 18,000 36,400 20,400 17,600 24,900 
19 18,000 28,800 27,200 27,150 
193 18,400 19,200 15,200 29,200 
20 20,800 20,200 23,250 
203 18,800 33,200 19,300 18,200 
7 ae 16,400 22,700 23,650 
213 67,400 25,000 18,600 21,800 
22 21,200 33,800 16,600 18,750 
224 22,600 29,200 16,650 28,950 
23 19,400 23,600 23,350 
23% : 15,600 15,600 22,200 
24 21,600 61,200 18,800 15,800 
243 23,400 19,800 24,075 
25 22,600 46,200 15,600 12,600 21,650 
25% 18,300 30,000 12,600 20,650 
26 14,600 20,050 
263 20,200 28,700 13,750 
2 19,250 17,800 12,750 20,700 
273 20,000 24,000 18,800 12,000, 20,350 
28 18,500 16,400 
284 32,800 
29 28,700 
294 27,400 


after the injection of vaccine. Ten normal rabbits, each weigh- 
ing about 2 kilos were selected for use. The dose of typhoid 
vaccine administered was two thousand million per 2 kilo. The 
number of bacteria per cubic centimeter was determined by plat- 
ing. Normal and immune rabbits received the same dose, a 
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larger amount having been found to be harmful to the normal 
rabbit. Colon vaccine was prepared in the same way, but five 


TABLE 5 
RABBIT 79 RABBIT 77 
Immunized against Immunized against 
bet pds Normal B. Typhosus Normal B. Typhosus 
INJECTION eee iaae | eee acon te 
i Be Injected Eucoted Injected 


Injected with with B. | Injected with with B. 
B. Typhosus Ty phosus Coli after | B. Typhosus diy phous Coli after 


20 days after 41 21 days 


days days 


Control 8,800 9,450 9,000 13,400 8,400 8,800 


17 40,770 
173 14,400 36,200 
18 12,400 13,000 | 46,800 22,150 | 48,950 
18} 9,100 16,900 | 12,450 | 35,000 20,950 | 45,150 
19 10,500 11,350 | 12,800 | 44,600 20,200 | 36,575 
19} 13,300 14,100 | 14,700 | 39,900 18,650 | 59,000 
20 12,000 18,550 | 14,640 | 39,200 22,750 | 64,400 
203 18,000 | 13,100 26,825 | 42,000 
21 9,300 22.700 | 19,250 | 37,000 23,750 

21} 11,250 18,400 | 13,400 | 30,300 20,100 | 36,600 
22 16,000 21,000 

221 9,400 19,200 | 36,800 36,200 
23 16,150 | 19,200 17,200 

233 9,600 15,200 | 36,000 19,750 | 26,200 
24 15,150 | 15,050 20,200 

243 9,000 20,200 | 12,600 17,500 19,350 | 34,850 
25 9,600 18,850 | 15,350 19,400 | 33,450 
253 17,800 | 16,800 | 31,000 17,700 

26 8,800 16,600 48,750 
26} 8,600 13,600 | 20,200 19,000 16,000 | 48,600 
27 8,000 12,150 | 19,050 | 36,800 16,250 | 36,000 
273 10,800 | 15,200 | 25,300 15,600 

28 10,850 10,200 23,200 

284 13,200 20,600 

29 12,450 

293 14,450 

30 10,200 

303 9,200 ; 
31 


hundred million per 2 kilo was the amount administered. Fresh 
vaccine was prepared every ten days and kept on ice until used. 


TABLE 6 


RABBIT 78 RABBIT 76 


Immunized against 


Normal BR eatehnsus Normal Immunized against B. Typhosus 
HOURS AFTER 
INJECTION 752 aS Was | RELI SE a 
Injected Injected Injected Injected Injected 
Injected with with B. Injected with with B. |with live B. 
with B. B. Coli Typhosus with B. B. Coli Typhosus | Typhosus 
Typhosus after after 21 Typhosus after after 19 atter 9 
41 days days 42 days days days 


Control 13,050 11,100 12,000 9,800 9,200 9,600 10,000 


7 8,000 7,800 
7k 8,000 15,300 9,600 9,200 
8 16,750 10,600 
8} 26,700 | 11,650 | 14,350 | 11,000 | 13,700 
9 18 000 | 16,700 | 15,400 | 11,450 
94 19,600 | 16,000 | 14,100 | 17,000 | 21,600 
10 22,050 | 18,650 15,200 
104 22,650 | 18,600 | 15,400 | 17,600 | 19,000 
11 28,700 | 15,200 | 13,400 | 16,900 | 20,800 
113 17,400 21,425 
12 16,850 | 11,800 | 12,800 | 20,900 
123 19,800 | 18,200 26,100 
13 19,000 12,700 | 13,700 | 20,200 
133 19,950 | 15,500 18,600 
14 19,800 | 19,475 | 12,400 | 15,000 
143 17,500 15,300 | 22,300 
15 16,000 | 21,325 | 12,400 | 15,400 | 21,400 
153 16,375 | 17,200 13,600 | 20,800 
16 20,025 | 14,500 
163 14,200 | 22,300 | 14,700 | 13250 | 16,000 
if 18,650 | 18,600 | 15,850 
173 15,100 | 15,800 | 16,600 | 15,650 | 16,100 
18 25,400 | 11,400 17,350 | 16,000 
183 24,800 | 14,200 | 30,750 | 17,100 | 18,200 | 17,000 | 16,100 
19 21,250 | 13,400 | 19,800 | 16,750 | 15,800 | 16,300 
193 14,050 | 20,350 | 18,600 | 21.300 | 16,800 | 14,500 | 12,600 
20 14,400 | 15,700 | 21,000 | 17,500 
203 12,200 | 13,200 14,750 | 23,250 | 12,200 
21 13,400 | 20,400 | 16,800 20,000 
213 16,400 | 13,000 | 18,500 11,850 | 15,900 | 16,400 
22 22,750 19,100 
223 19,750 | 13,400 | 17,600 | 22,000 | 16,000 | 15,650 | 15,000 
23 26,500 | 21,200 | 23,300 | 10,000 
233 22,800 | 20,100 21,300 15,200 | 19,200 
24 31,250 | 11,800 | 20,400 | 19,900 | 11,450 13,750 
243 22,200 | 13,300 | 20,650 15,950 | 
25 17,400 | 14,200 17,900 | 15,600 22,850 
253 11,800 | 20,100 | 19,400 | 14,800 | 17,150 | 16,650 
26 20,150 | 13,025 | 19,800 | 21,200 19,550 
263 23,800 19,500 | 17,950 | 14,350 | 15,150 
27 20,250 | 13,050 | 18,750 12,950 
273 17,750 | 18,300 23,200 | 17,500 
28 17,850 | 13,000 15,200 
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Six of the rabbits were to be immunized against typhoid by 
means of three intravenous injections within a period of seven 
days. A control count was made of each rabbit immediately 
preceding each test injection. Two of the six typhoid immune 


TABLE 7 


RABBIT 75 RABBIT 74 


Immunized against Immunized against 


oeeg ae Normal B. Typhosus Normal B. Typhosus 
INJECTION Di oa Ca Ta a 
Injected Injected Injected Injectad 
Injected with with B. Injected with B. with 
with B. Coli Typhosus with Typhosus | _ B. Coli 
B. Typhosus after 10 after 10 B. Typhosus after 10 after 12 
days days days days 
Control 10,200 10,400 9,500 9,600 9,200 10,500 
18 25,000 28,250 28,000 27,200 20,400 
183 26,000 17,200 22,600 | * 25,000 17,400 36,600 
19 26,500 15,200 22,050 31,150 21,400 37,250 
193 36,500 17,800 22,400 24,800 17,400 35,600 
20 27,050 17,100 35,250 26,600 18,450 39,200 
203 30,200 17,400 26,200 30,000 18,100 32,000 
21 29,150 27,600 32,800 22,100 33,800 
213 28,400 17,600 | 25,000 | 40,000 25,900 
22 20,900 33,400 32,600 19,600 40,150 
223 24,800 20,450 28,800 17,200 33,000 
23 20,200 25,650 44,400 
23% 24,200 41,500 20,200 38,400 
24 19,000 25,300 34,050 20,200 36,750 
243 21,250 23,000 20,000 
25 22,200 | 22,800 | 31,200 20,200 | 36,600 
254 26,800 20,250 20,650 17,500 
26 24,300 19,600 24,450 30,750 17,200 34 400 
263 24,250 18,150 24,000 29,650 34,500 
27 34,400 25,200 19,900 34,600 17,400 31,200 
273 26,250 26,200 22,200 31,000 21,800 
28 26,500 22,200 23,850 39,600 18,800 28,800 
28% 25,200 22,600 23,300 37,000 17,500 
29 20,350 33,100 


rabbits, nos. 79 and 77, were to receive typhoid vaccine after a 
long interval (about forty days), and twenty days later an injec- 
tion of colon vaccine, the leucocytes being counted after both 
injections. 

Two of the rabbits, nos. 78 and 76, were to be injected after 
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the same intervals of time as those above but were to receive 
colon vaccine first and then typhoid vaccine. Most of the ani- 
mals normal and immunized showed a leucocytosis, yet the high 
or extreme count found by Gay in his immune rabbits was not 


TABLE 8 
SS 


RABBIT 72 RABBIT 73 
ee 


Immunized against 


ee do Normal » Coli Normal Perna iee eer 
INJECTION Ph AE ae Rea 
woos vin | a | BE [ns oa | BE | 
Br Colt' | Biel | Typhowse | TSE | Typhome | Cot 
days days days days 
Control 7,050 7,200 6,900 8,000 7,600 13,200 
173 10,850 31,800 
18 19,250 15,450 10,600 8,200 12,325 33,600 
183 15,950 13,600 14,500 36,300 
19 11,500 11,200 10,150 10,650 17,825 27,200 
193 14,400 12,600 19,000 17,800 33,300 
20 13,000 15,500 13,950 11,000 17,600 35,700 
203 12,100 15,600 12,200 8,900 15,800 31,000 
21 14,600 9,000 
213 14,150 14,560 11,750 15,900 32,600 
22 13,400 14,400 9,000 
223 15,275 14,150 13,700 14,700 27,400 
23 12,200 13,200 12,950 10,800 14,000 26,900 
233 12,800 
24 12,650 12,400 10,650 15,200 28,600 
244 12,300 12,500 10,650 14,950 
25 11,600 10,750 13,750 23,600 
253 12,200 10,150 11,850 13,750 21,850 
26 8,800 21,975 10,400 22,000 
264 12,400 17,400 11,250 16,650 
27 11,900 9,600 14,400 12,450 17,900 21,800 
273 10,150 12,600 11,650 14,100 
28 10,600 13,000 


obtained. Four of the periods of counts were extended from the 
seventh to the twenty-seventh hour. Mr. Holt-Harris who had 
previously counted with us to control our results counted the ani- 
mals used in these experiments from the twentieth to the twenty- 
eighth hour. Throughout this longer period of observation the 
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counts ran almost parallel to those made in the shorter period 
showing that the maximum count had not been missed and that 
the animals had not responded with as high a leucocytic count 
as Gay’s. 


TABLE 9 
RABBIT 71 RABBIT 70 
es rattles Noumal Teomunined Senet Noumal pa a) peainee 
INJECTION QQ TOD _ SSS | SS 
| Be ae eee eee 
“UB Gal | BiCol | tytn eon | eee ae 
10 days days days 10 days 
Control 6,200 6,400 6,400 13,000 9,800 11,850 
17 15,000 8,900 
173 15,000 18,500 
18 7,850 16,025 20,800 17,800 12,400 20,825 
18} 7,200 17,400 19,200 17,400 16,000 
19 17,500 16,900 20,600 15,050 14,050 
193 8,650 19,425 19,600 19,200 15,400 16,300 
20 8,650 18,100 19,650 18,550 16,000 
203 8,800 24,100 19,000 20,200 14,850 17,425 
21 8,600 24,600 19,400 12,800 15,650 
213 23,200 | 20,900 17,600 13,900 
22 7,000 21,200 17,200 13,450 
223 22,200 17,600 14,950 
23 6,700 20,400 22,500 15,050 
235 17,950 19,400 14,800 14,050 
24 6,650 22,050 18,400 13,250 14,900 
243 23,800 | 21,000 18,600 14,900 
25 7,250 21,200 18,450 18,000 12,900 13,400 
253 7,300 17,600 18,500 16,850 19,400 13,400 
26 17,350 18,900 23,800 
263 6,600 15,400 14,300 16,850 
27 7,000 15,000 15,000 
273 6,800 
28 


One rabbit, no. 74, was to be injected with typhoid vaccine 
after an interval of ten days, then with colon vaccine after a fur- 
ther interval of ten days. Rabbit 75, was to be injected with 
colon vaccine first, then with typhoid vaccine, both injections 
to be made ten days apart. 
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Four of the rabbits were to be immunized against B. coli em- 
ploying the rapid method of immunization recommended by 
Gay. Two injections only were given within a period of three 
days, for some of the rabbits lost weight and others died after 
the third injection with colon. After the first injection the 
leucocytes were to be counted. One of these rabbits immunized 
against B. coli, no. 73, was to receive typhoid vaccine after an 
interval of forty days, and twenty days later colon vaccine. 
Another, no. 72, received colon vaccine after an interval of forty 
days, and 20 days later typhoid vaccine. 

Another, no. 70, received typhoid vaccine after an interval of 
ten days and colon vaccine after ten days. The last, no. 71, re- 
ceived colon vaccine after an interval of ten days and typhoid 
vaccine after an interval of ten days. 

It was impossible to adhere strictly to the intervals mentioned 
above but the variations did not exceed two days. 

The weights of the animals were carefully watched and in most 
cases there appeared an increase in weight. Rabbit 79, typhoid 
immune, having lost 200 grams after the injection with typhoid 
vaccine appeared emaciated the day he was counted but recov- 
ered before the next injection. Rabbit 72, colon immune, lost 
the same number of grams after an injection of typhoid vaccine. 
Rabbit 73, lost weight and died two days after the colon injection. 
These results indicate that the dosage of vaccine was large 
enough to cause a well marked reaction; impairing the health of 
the animals to a greater or less extent. 

Four normal rabbits, two injected with typhoid vaccine and 
two with colon vaccine, all of which died during the process of 
immunization, showed a marked leucocytosis after the first in- 
jection of vaccine. 

It was thought that our failure to secure the extreme hyper- 
leucocytosis might have been due to the fact that we had em- 
ployed an old laboratory strain of typhoid. Hence Rabbit 76, 
was given a strain isolated from a patient in bile culture medium 
a few weeks previously. This strain was grown on plain nutrient 
agar through a few transplants and was then kept on rabbit blood 
agar. The rabbit although previously immunized was given 


172 HELEN I. McWILLIAMS 


three injections of this strain within a period of three weeks. The 
first injection was one loop of a living culture. The last a whole 
standard blood agar slant. Its agglutinins when tested showed a 
positive reaction in the dilution 1-10,000. Nine days after this 
large immunizing dose of B. typhosus it was injected with a whole 


TABLE 10 
RABBIT 84 RABBIT 80 RABBIT 69 RABBIT 68 
HOURS AFTER Normal Normal Normal Normal 
INJECTION eee RL et 
Injected with Injected Injected Injected with 
"B - Coli B. eaheue B. Teche 'B - Coli 
Control 15,400 10,800 7,600 
18 42,200 12,350 47,400 13,200 
18} 42,400 9,000 33,500 15,400 
19 37,000 10,550 28,120 11,800 
193 37,200 32,750 11,200 
20 10,850 24,700 
203 37,200 9,800 10,800 
21 30,300 30,350 12,050 
213 30,300 10,600 29,400 11,500 
22 8,400 26,200 8,200 
223 37,200 
23 36,000 8,000 31,950 10,800 
23} 
24 37,400 6,600 28,150 10,400 
1 34,600 31,750 
25 35,400 5,400 33,450 12,600 
254 26,100 11,850 
26 35,300 6,800 30,100 10,400 
263 38,400 10,200 
Di, 38,200 6,200 24,800 11,150 
273 37,200 27,000 12,150 
28 33,500 20,600 10,800 
283 9,600 


slant of the living culture and the leucocytes were counted from 
the seventh to the twenty-seventh hour (see table 6). The 
leucocytic count is again much lower than that of Gay. 

In connection with this work a rabbit highly immunized against 
the cholera vib.sio was injected after a two months’ interval of 
time with 1 cc. of a heavy suspension of live cholera organisms 
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grown twenty-four hours on nutrient agar. This animal also 
gave but a slight leucocytosis the result again challenging the 
theory of specificity of reaction. 

Differential counts were made in a few instances at the time 
the quantitative changes of the leucocytosis were estimated. 
Normally the blood picture shows but few polymorphonuclears, 
about 30 per cent, and 60 per cent of lymphocytes. About 
eight hours after the injection the polymorphonuclears have in- 
creased to about 80 per cent and the lymphocytes have dropped 
to 19 per cent. With the increase and decrease of leucocytes 


TABLE 11 
Rabbit 119. Immunized against Cholera Vibrio 


INJECTED WITH INJECTED WITH 


HOURS AFTER INJECTION CHOLERA VIBRIO HOURS AFTER INJECTION CHOLERA VIBRIO 
AFTER 60 DAYS AFTER 60 Days 

Control 11,400 23% 
18 18,400 24 14,400 
183 18,200 24} 
19 16,650 25 14,800 
194 15,000 254 14,000 
20 16,600 26 16,000 
203 16,000 263 14,200 
21 14,250 27 16,800 
211 273 14,800 
22 15,700 28 - 14,400 
224 283 
23 15,400 


these percentages fluctuate, but the percentage of polymorpho- 
nuclears remains above normal until the count has begun to fall, 
about the twenty-seventh hour. This is in accord with obser- 
vations made in typhoid fever cases injected intravenously with 
typhoid vaccine (4). The change in count is dependent upon 
the change in the total number of polymorphonuclears. 

Table 12 is a summary of all the maximum counts in the pre- 
ceding tables. Of seven rabbits that were counted first as nor- 
mal after the injection of typhoid, later as typhoid immune, after 
the injection of typhoid, four showed almost exactly the same 
count in both instances. One showed a greater count after being 
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TABLE 12 
INJECTED WITH pete INTERVAL 

days 
: Typhoid: Immuney-.- se 24 B. Typhosus 42,900 11 
Hap hieoe uae Tmiiete e400. he B. Coli 43,000 7 
: Typhoid Immune sss - 22s B. Coli 32,000 7 
abbr od {ores Immune? <7: 7: 2356 B. Typhosus 16,600 5 
: Typhoid Immune............ B. Typhosus 23,400 7 
Habbit ee fetes Tmangtiesg 2s, 2 B. Coli 39,400 7 

: INormali.2 Fotecerr ee  oe eee B. Typhosus 20,600 
annie Bese Immune! 3). 22 ase B. Typhosus 22,400 39 
Rabbit 19 Typhoid Immune............ B. Coli 31,100 vi 
: ‘Typhoid Immunes-. -.... 2. 22. B. Typhosus 22,700 41 
JEON SE fear pWintcn®. 5. oeeeee- B. Coli 29,200 | 20 

Normalan see ee B. Coli 52,400 
Rabbit 93 i: Colidimmunessc..-.- => a B. Typhosus 29,000 vi 
Bs 'Colr Immuneyieses) soa. B. Coli 19,800 a 

INormalews. (cen: Seco: B. Coli 23,400 
Rabbit 83 ih Colifinmiumnetes se. a B. Coli 67,400 42 
B. Coli Immune..............| B. Typhosus 27,200 40 

Normals. cieere eres = sacs B. Typhosus 14,450 
Rabbit 79 [ion immune sseas ose ee B. Typhosus 22,700 40 
Typhoid Immune............ B. Coli 20,200 20 

Normal 2a eee eee ere B. Typkosus 31,250 
Rabbit 78 Teph Jmmunesee 5. B. Coli 26,500 41 
Typhoid Immune-ee...5. 2. -- B. Typhosus 30,750 21 

[ Normal)... steepness B. Typhosus 46,800 
Rabbit 77 here Immune s40je45 ees B. Typhosus 26,825 4] 
‘Typhoid immuner-- 2-46. B. Coli 64,400 21 

IMM tn os oouseucasdader B. Typhosus 23,300 
te Typhoid Immunes: 22.2.7. - B. Coli 18,600 42 
Epp it./8 ee Immune Se seca. = B. Typhosus 23,250 19 
Typhoid Immune............ B. Typhosus 26,100 9 

INOrmMall en aa ee yar ae B. Typhosus 36,500 
Rabbit 75 Typhoid Immune: 22s: -.. 2. : B. Coli 28,250 10 
Typhoid Immune............ B. Typhosus 35,250 10 

Normale yc eee ee B. Typhosus 41,500 
Rabbit 74 Typhoid Immune............ B. Typhosus 25,900 10 
Typhoid Immune.............} B. Coli 44,400 12 

INommial +73. 2.7.24 Gp shen ® B. Coli 19,000 
Rabbit 73 ts Colislimmuness. eeecn coins B. Typhosus 17,825 38 
B Colt Immune? .2. 456 4.-- 2) B. Coli 36,300 21 

INGEMIa erence ee cis re rtesiert B. Coli 19,250 
Rabbit 72 2 ColiMimmuneses--222---- 4) Be Coli 15,600 40 
Be Coliimmune 27-6225. +. - B. Typhosus 21,975 19 
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TABLE 12—Continued 


MAXIMUM 


INJECTED WITH COUNT INTERVAL 

days 
INormalerery setae eee es B. Coli 8,800 

Rabbit 71 R Coli Immuness 4435220 oot Coll 24,600 10 

5. Coli Immune. .:.............| B. Typhosus 22,500 12 
PalpNiommmalle = ay. f apapeltrtoa.s aot as B. Coli 20,600 

Rabbit 70 iB Coli Immune.......:......] B. Typhosus 23,800 12 

BY Cols Immune s./25./.. >... -|\" Be Colt 20,825 1 

Rai bit6S)) Normale «secs rie ss. oe.ere che nosis B. Coli 15,400 
RADIOL! Normalemcs ss. once guacie. cei: B. Coli 42,400 
Rabbi sOl INonmallss. seme oar ee B. Typhosus 12,350 
Fubbrt'69 Normal’... ii../53 5 .io8.6ke~ ces B. Typhosus 47,400 


Rabbit 119 Cholera immune............ Cholera vibrio 18,400 60 


immunized and two showed greater counts when normal. Four 
additional typhoid immune rabbits that were not counted as 
normal were injected with B. typhosus and counted and showed 
that the average of their hyperleucocytic counts was slightly less 
than the average of the normal rabbits injected with B. typhosus. 
Ten rabbits immunized against B. typhosus were injected with 
both B. typhosus and B. coli at different intervals. One showed 
the same count after both injections, four showed greater counts 
after the typhoid injection, and five showed greater counts after 
the B. coli injection. 

Six rabbits were injected with B. coli while normal and after 
having been immunized against B. coli. One showed the same 
count in both instances, two showed a greater count when nor- 
mal, and three a greater count when immunized. Six rabbits 
immunized against B. coli were injected with both B. coli and B. 
typhosus at different intervals. One rabbit showed the same re- 
sponse after both injections, three showed a greater count after 
the typhoid injection, and two showed greater counts after the 
B. coli injection. 

Typhoid bacilli were injected into typhoid immune rabbits six 
times at intervals of from seven to eleven days after the last 
previous injection and gave an average count of 38,000. Six 
were injected after an interval of nineteen to forty-two days after 
the last previous injection, and showed an average count of 


176 HELEN I. McWILLIAMS 


35,000. Three rabbits immunized against B. coli were injected 
with B. coli at short intervals of time, seven to ten days, and 
gave an average count of 22,000; three were injected at long 
intervals of time, twenty-one to forty-three days after the pre- 
vious injection and showed an average count of 40,000. With 
colon immune rabbits a greater leucocytosis was observed after 
the long interval of time but we are inclined to think that this 
result was accidental, since the typhoid immune rabbits showed 
practically the same degree of leucocytosis after the long interval 
as after the short one. 

Two exceptionally high counts were obtained, both following 
the administration of colon vaccine. One was a typhoid im- 
mune rabbit, given an injection of colon vaccine twenty-one days 
after the injection of typhoid vaccine. The other was a colon 
immune rabbit given an injection of live colon vaccine forty-two 
days after the last immunizing dose. 

Ten rabbits gave counts over 40,000. Five of these were nor- 
mal, and five immunized. 

The cultivation of the typhoid and colon bacillus upon ten per 
cent rabbit blood agar did not seem to have any more stimulating 
influence upon the leucocytic response than when both cultures 
were grown on plain agar; as many high counts were obtained 
after the injection of vaccine grown on plain agar as after that of 
vaccine grown on the new medium suggested by Gay. 

Throughout all these experiments the results point to aleuco- 
cytic reaction of non-specificity. The above experiments seem 
to warrant the following conclusions: 

1. Both normal and typhoid immune rabbits respond with a 
well marked leucocytosis to the intravenous injection of typhoid 
bacilli, but the response is not different in degree in the two in- 
stances. 

2. Typhoid immune rabbits show the same grade of hyper- 
leucocytosis when injected with B. coli as when injected with B. 
typhosus. The same is true of rabbits immunized against B. 
coli. 

3. These results were obtained with killed and living vaccine, 
with an old laboratory strain of typhoid and a freshly isolated 
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one, and with typhoid bacilli grown upon plain nutrient agar and 
upon rabbit blood agar. 

4. Hence no evidence has been observed in favor of the view 
that typhoid immune rabbits exhibit a specific hyperleucocytosis 
following the injection of vaccine. 
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SCIENTIFIC PROCEEDINGS OF THE SOCIETY FOR 
SEROLOGY AND HEMATOLOGY, NEW YORK 


February 9, 1916 


1. StupreEs on TREPONEMA PALLIDUM AND SYPHILIS 


Hans Zinsser, J. G. Hopkins, and Malcolm McBurney: a. Trepone- 
macidal Action of Immune Rabbit Serum on Culture Pallida. The ex- 
periments reported showed the normal rabbit serum was trepone- 
macidal when as much as 1 cc. was used but seldom in smaller amounts, 
whereas the serum of animals immunized against cultures of trepo- 
nemata showed the effect in amounts as small as 0.01 cc. This prop- 
erty of the immune serum was destroyed by heating to 56°C. for half 
an hour, and such inactivated serum could be reactivated by the addi- 
tion of 0.05 cc. of normal serum. 

b. Group Agglutinations of Culture Treponemata in Pallidum Anti- 
serum. Serum obtained by immunizing rabbits against cultures of 
treponema pallidum agglutinated strains of this organism in amounts 
from 0.001 to 0.00025 cc. It showed an equally powerful action 
against the treponema calligyrum and a weaker action against T. 
refringens, T. microdentium and against a small treponema isolated 
from the tonsil. It did not agglutinate T. mucosum. Absorption ex- 
periments showed that the pallidum and the calligyrum absorbed both 
the major and the minor agglutinins, that the refringens and the 
microdentium absorbed only their respective minor agglutinins. 

Agglutination tests on the serum of syphilitic rabbits showed that 
many animals which had been infected for a long period showed a slight 
increase of agglutinins for the culture pallidum as compared with nor- 
mal animals, which was, however, very slight in extent when com- 
pared with animals artificially immunized. 

c. Fluctuations of Virulence of Individual Strains and Comparative 
Virulence of Different Strains of Treponema Pallidum in Rabbits. Ob- 
servations on five strains of treponema pallidum carried for from ten 
to twenty generations in rabbits showed no consistent differences in 
the virulence of the different strains or in the types of lesions which they 
produced. There was no progressive increase in virulence as shown by 
the percentage of takes or by the shortening of the incubation time 
in any strain in repeated animal passage. The percentage of takes, 
the length of the incubation period, and the character of the lesions 
produced, which have been attributed by other writers to differences 
inherent in the various strains of pallidum or to the increase in viru- 
lence on passage, were found to be due rather to the technique of in- 
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oculation, to the character of material used for inoculation, and to the 
size of the testicles in the inoculated animals. 

d. Differences in Serum Susceptibility Between Virulent and Culture 
Pallida. Very marked differences were observed between the be- 
haviour of virulent treponemata obtained directly from lesions in rab- 
bits and that of treponemata which had been cultivated for a number 
of generations on artificial media and had completely lost their viru- 
lence for animals. 

Agglutination experiments showed that the serum of rabbits immun- 
ized to cultures, which had a very powerful effect on the avirulent 
treponemata, agglutinated the virulent organisms very slightly or not 
at all. Treatment of the virulent organisms by the method of Porges 
did not render them susceptible to the immune serum. Treatment of 
virulent suspensions with immune serum before they were injected into 
animals showed no protective action on the part of the immune serum, 
although the serum showed in test tube powerful treponemacidal ac- 
tion against the avirulent organisms. This is more or less in keeping 
with the fact that infection with the treponemata excites little antibody 
formation. It is possible that a more definite effect on avirulent organ- 
isms would be obtained by more powerful immune serum. 

e. Specific Complement Fixation and the Wassermann Reaction. (10 
min.) The writers have utilized a method in their laboratory for the 
cultivation of treponema pallidum in large quantities for the production 
of antigen for complement-fixation. For the production of the antigen, 
slanted egg medium, as for Dorset’s egg, is made up in high tubes, 
covered with ascitic broth, and sealed with paraffine oil. No tissue is 
needed for this and the egg can be thoroughly sterilized in the auto- 
clave. The culture treponema grows actively on this so that plenti- 
ful growth can be obtained in periods as short as ten days. This 
enables one to work with young cultures. The material is centri- 
fugalized, ground up with salt, and taken up in distilled water to 
isotonicity. The writers have paralleled the Wassermann reactions in 
159 cases at the time of making this report, with entire identity in 138. 
There were 2i discrepancies, in a considerable number of which the 
treponema fixation indicated syphilis which the Wassermann missed. 
On the other hand, the writers do not regard their reactions, at present, 
as specific. Experiments indicate that similar antigens can be pro- 
duced from egg cultures of colon and typhoid bacilli and that a certain 
amount of the fixation is due to the lipoidal content of the micro- 
organisms. However, the apparently greater delicacy of this reaction 
may mean that there is a certain specific element superadded. It may 
also mean, however, that its reaction is more delicate only because a 
bacterial antigen produced in this way and very delicately titrated 
(and it is necessary in working with these antigens to approach more 
closely to the anticomplementary dose) represents simply another way 
of doing the Wassermann. This, the writers think, is quite probably 
the case in the many fixations they obtained with the treponema anti- 
gen in early syphilitic cases in which their other work does not indicate 
the existence of antibodies to any great degree. 
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Further work is being done in the direction of distinguishing the dif- 
ferences between the treponema antigen and similarly produced anti- 
gens from other bacteria, and fixations are being done with the protein 
and lipoid fractions of the treponema antigen. 

f. The Agglutination of Cultivated Treponema Pallidum by Normal 
and Syphilittc Human Sera. ‘Tests were carried out with suspensions 
of culture treponemata mixed with varying dilutions of active human 
serum, in test tubes. The tests were incubated for one hour at 37°C., 
and allowed to stand in the ice-box over night. Readings were then 
made microscopically. In dilutions of 1: 2—that is equal parts of un- 
diluted serum and pallidum suspension—a large number of normal sera 
were found to agglutinate. 

Of 40 sera from normal individuals examined, | agglutinated in 1: 10 
dilution; none above this. In 6 cases of primary syphilis, 2 aggluti- 
nated in 1:10, and none above this. In 19 cases of secondary syphilis, 
10 agglutinated in 1:2; 8 in 1:10; 3 in 1:50; and 1 in 1:100. In 63 
cases of tertiary syphilis, 32 agglutinated in 1:10; 4 in 1:50; and 2 
in 1:100. The results so far indicated that there might be a slight 
antibody formation in secondary and tertiary cases, which could be 
detected by agglutination. In 39 sera, however, obtained from pa- 
tients with non-syphilitic diseases, agglutination was obtained with 12 
in 1:2, with 12 in 1:10, and with 3 in 1: 50 dilutions. 

In view of the strong group reactions which we have observed in 
treponemata, it might be that such reactions are due to infection with 
some treponema other than pallida; for example, to throat infections. 
The strong agglutination observed in a few of the cases tested seems 
to indicate that there is slight antibody formation in the late stages of 
syphilis. The observations, however, hold out little hope that the 
reactions can be of value in diagnosis. 


2. A METHOD oF PRopUCING ANTIGEN FOR COMPLEMENT-FIXATION IN 
TUBERCULOSIS 


H.R. Miller and Hans Zinsser: The writers have prepared an anti- 
gen for complement-fixation in tuberculosis for which they claim cer- 
tain advantages over those prepared by previous workers, especially 
those of Besredka and Petroff, and the modifications of Besredka’s 
antigen of Bronfenbrenner and Craig. One of the writers (Miller) has 
especially studied the Petroff antigen in connection with the one re- 
ported this evening. There is nothing very original about the method 
of preparation, which consists entirely of the endotoxin extraction 
method previously applied by Besredka to typhoid bacilli and other 
organisms; namely, the grinding up of a weighed amount of bacillary 
substances with salt, and its subsequent suspension in distilled water 
until isotonicity is obtained. The antigen so prepared is not anti- 
complementary in quantities as high as 1.0 cc. and has given positive 
fixations with quantities as low as 0.02 cc. It does not give positive 
Wassermann reactions with syphilitic sera; that is, it has failed to do 
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so in all but one case out of 26, and, of course, tuberculosis could not 
absolutely be excluded in that case. A total number of 190 cases thus 
far examined are reported, 93 of which were clinically negative cases 
based on careful clinical examination by attending physicians of three 
institutions, and in all of them the fixation test was negative. 24 
of the 93 gave positive skin reactions, but were adults without clini- 
cal signs of tuberculosis. 89 cases gave positive reactions, and all of 
these were actively tuberculous, ranging in degree from the incipient 
to the very far advanced third stage. This communication is entirely 
in the form of a preliminary report, but the writers make it because of 
the regularity of the results in the hope that others will be stimulated 
immediately to try it. 


3. Gas Bacituus INFECTION WITH REMARKS ON GASTRIC ULCER 


Randolph West and Mary E. Stewart: West and Stewart have studied 
a gas bacillus brought from the French front, particularly with regard 
to its toxin formation, since Weinberg and Sacquepée have recently 
described a true toxin from an organism belonging to this group. Cul- 
tural and morphological examination placed their organism distinctly 
in the “Welch bacillus” group. Filtrates of anaerobic broth cultures 
killed guinea pigs but it was found that this effect could not be attrib- 
uted to a true toxin, since neutralization of the acid filtrate removed this 
toxicity. Suspicion of the toxic effect of the acid led to the injection 
intraperitoneally and intravenously of acid solutions equivalent to the 
acidity of the toxic filtrates of the cultures. The gas-bacillus infected 
guinea pigs, in the large majority of the experiments, showed gastric 
ulcers. Gastric ulcers were also noticed in the guinea pigs injected 
intraperitoneally and intravenously with acid. Gastric ulcer, without 
death of the animal, occurred regularly after intravenous injection of 4 
to 4.5 ec. of 1 per cent acetic acid. The acid solutions were not as uni- 
formly toxic as the acid filtrates, possibly because of the presence in 
the acid filtrate of butyric acid which is highly toxic. 


THE EFFECT OF LECITHIN AND HORSE SERUM ON 
THE HEMOLYTIC ACTION OF CERTAIN PEPTONES 


ALBERT A. EPSTEIN 


ASSISTANT IN PHYSIOLOGICAL CHEMISTRY, PATHOLOGICAL LABORATORY OF THE 
Mount Srnat Hospirat, New YorxK Ciry 


From the Imperial Sero-Therapeutic Institute of Vienna 


Received for publication, March 25, 1916 


In a preceding communication (1) it was shown that certain 
peptone fractions cause hemolysis and agglutination of different 
species of red blood cells. The peptones used in the tests were 
the individual fractions obtained by separation of Witte’s pep- 
tone and those arising from the peptic digestion of casein. As 
stated there, corresponding peptone fractions from the two 
sources, possess similar properties, although in certain instances 
the reactions obtained differ in degree. 

The hemolysis produced by the peptones is as follows: 


Peptone B (Witte) hemolyzes ten species of red blood cells: Human 
beef, horse, goat, rabbit, guinea-pig, cat, dog, mouse and pig. 

Peptone B (Casein) hemolyzes ten species of red blood cells: Human, 
beef, horse, goat, rabbit, guinea-pig, cat, mouse, goose and pig. 

Peptone A (Witte) hemolyzes ten species of red blood cells: Human 
beef, horse, goat, sheep, rabbit, guinea-pig, dog, goose and pig. 

Deuteroalbumose B (Witte) hemolyzes nine species of red blood 
cells; Human, beef, horse, goat, sheep, rabbit, guinea-pig, cat and 
goose. 

Deuteroalbumose B (Casein) hemolyzes nine species of red blood 
cells: Human, beef, horse, goat, sheep, rabbit, guinea-pig, cat and dog. 

Protalbumose (Witte) hemolyzes three species of red blood cells: 
Horse, goat and dog. 


These results appeared strongly suggestive of the similarity 
of the peptone bodies to certain other hemolytic agents. A pre- 
liminary test made with the hemolytic peptones and lecithin, 
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disclosed the resemblance of the peptones to cobravenom. In 
view of the lasting controversy over the nature of the influence 
of lecithin upon cobravenom hemolysis, the results obtained 
with the peptones seemed worthy of further investigation. 

The proteoses and peptones are secondary proteins. They are 
cocto-stabile and are devoid of all ferment action. There is no 
evidence available which indicates the presence of any lipolytic 
power in them. By a study of the conduct of the peptones to- 
wards red blood cells in the presence of lecithin, we acquire fur- 
ther information concerning the action of lecithin with similar 
hemolytic agents. 


TABLE 1 
Showing the effect of lecithin upon the hemolytic action of peptones 


ALCOHOL 


nuvmon |q 2 ne Reena, | uae cess mows [reson | senee | Mee 
lon: ee 0.2 cc. 0.2 cc. EE Mee 0.2 cc. 0.2 cc. ie ie 
BODIES 
In each tube 0.2 ce. lecithin 1-8000 

1-10 SSF 4° 0 0 SPrGae | oramie \agieae | Seaeac |) sence 
1-20 =PSPS6 0 0 Se eae a MS oem) sere || aca 
1-40 SRS 0 0 aPAPAE 0 qparane | aras spay SPara= 
1-80 0 0 0 aFaear 0 eae tote tee eebsce 
1-160 0 0 0 +++ 0 +++ | trace 0 
1-320 0 0 0 aPSESE 0 aESESe 0 (0) 
1-640 0 0 0 Saran 0 4 SRSF 0 0 
1-1280 0 0 0 +--+ + 0 + 0 0 
1-2560 0 0 0 = PAPE 0 0 9 0 
1-5120 0 0 0 ft 0 0 0 0 


The plus sign (+) indicate the degree of hemolysis. Guinea-pigs’ red blood 
cells in 5 per cent suspension were used in the test. 


In the first series of experiments an attempt was made to 
ascertain the general effect of the lecithin upon the different 
peptones (Table 1) and it was found that lecithin exerted a dis- 
tinct influence upon the behavior of deuteroalbumose B and 
peptone B. As the accompanying tables (2 and 3) show, the 
hemolytic action of deuteroalbumose B can be advanced from a 
dilution of 1-80 (for guinea-pig’s red blood cells) to one of 
1-2500 and 1-5000, by ic of the hemolytic dose of lecithin. 
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The effect of lecithin upon peptone B is somewhat different 
from that of the deuteroalbumose. 

It was shown in the previous communication (referred to above) 
that in concentrated solutions, peptone B agglutinates and fixes 
sheep’s red blood cells, so that they resist the solvent action of a 
number of agents, including that of distilled water. It was also 
shown that guinea-pig’s red blood cells on the other hand were 


TABLE 2 
Deuteroalbumose B f{ 1-20 dil. 1-40 dil. 1-80 dil. 1-160 dil. 
eantrole. has. ta \ +++ hem. ++ hem. of, Hemi 0 hem. 


RC ere { 1-400 dil. 1-800 dil. 1-1600 dil. 1-3200 dil. 
“srs ) +tttohem. +++hem. ++ hem. 0 hem. 
MCG MIN Hs 5-630 Seysde es cook 1-6000 dil. 1-8000 dil. 1-10000 dil. 1—15000 dil. 
1-5120 dil. 1-5120 dil. 1-5120 dil. 1-2560 dil. 
+++hem. +++ hem. +++ hem. ++ hem. 


Deuteroalbumose.... { 


Remarks. The plus signs represent degree of hemolysis. Guinea-pig’s red 
blood cells used in the test (5 per cent suspension). 0.2 ec. of each ingredient 
used in the hemolytic system; total quantity of fluid in each tube being 1.0 cc. 
Time of incubation = 30 minutes, temperature 37°C. 


TABLE 3 
Petone B contre! f 1-20 dil. 1-40 dil. 1-80 dil. 1-160 dil. 
“" \ +++ hem. +++ hem. + hem. 0 hem. 
TE oT { 1-400 dil. 1-800 dil. 1-1600 dil. 1-3200 dil. 
“oe \) +++ hem. +++ hem. ++ hem. 0 hem. 
Moecithine sek oe 3s 1-6000 dil. 1-8000 dil. 110000 dil. 1-15000 dil. 
EeetonecE { 1-2560 dil. 1-1280dil. 1-820 dil. 1-320 dil. 
ae saan +++ hem. ++ hem. ++-+ hem. +-+ hem. 


Remarks. The plus signs indicate the degree of hemolysis. Guinea-pig’s 
red blood cells used in the test (5 per cent suspension). 0.2 cc. of each ingre- 
dient used in the hemolytic system; total quantity of fluid in each tube being 
1.0 cc. Time of incubation = 30 minutes, temperature 37°C. 


dissolved by peptone B, especially in the higher dilutions, and 
that after the hemolysis has taken place, a precipitation of the 
laked cell material occurs. In the present series of experiments 
it was found that when lecithin is added to peptone B and the 
mixture then applied to the red blood cells of sheep, the cells 
are no longer agglutinated, as before, but that a hemolysis 
occurs with a subsequent precipitation of the laked cell material. 
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It seems therefore that through the intervention of lecithin, the 
conduct of the peptone towards sheep red blood cells is rendered 
similar that which it bears to guinea-pig cells. This fact is of 
interest because it attests in a way to the correctness of the 
hypothesis that the difference in the susceptibility of sheep and 
guinea-pig red blood cells is dependent to a certain extent upon 
the difference in the lipoid or lecithin content of the two species 
of blood cells. 


TABLE 4 
DEUTEROALBUMOSE B 
0.2 cc. 
worse esnon | DEUPERO-, 
at a (0.2 cc. or 1-10 DIL.) With horse serum 
Alone 1-128 dil. 
Dilution 0.2 ce. 
Dilution Hemolysis Hemolysis Hemolyis 
1-1 0 1-10 stectrais ay 
1-2 0 1-20 sleataeda sleaiaatn 
1-4 0 1-40 sare ae ae 
1-8 0 1-80 aie arate 
1-16 0 1-160 see 
1-32 0 1-320 ih 
1-64 arr 1-640 0 
1-128 atestate 
Guinea-pig red blood cells Guinea-pig red blood cells (5 per cent 
(5 per cent suspension) used. suspension) used. Showing the action of 
Showing the marked inhibi- dilute horse serum on the hemolysis by 
tion of the hemolysis of the albumose. 


albumose by means of horse 
serum. Hemolysis occurs only 
when the added serum is suffi- 
ciently dilute. 


The above deduction gains support from the following experi- 
ment. When the red blood cells are sensitized with non-hemo- 
lytic amounts of peptone, then washed free of the substance, and 
then minute amounts of lecithin are added to them, no hemolysis 
occurs. But when the cells are first treated with a similar amount 
of lecithin, the cells washed, and the peptone added, it is found 
that the hemolysis caused by the peptones is much greater than_ 
that which takes place with non-sensitized blood cells. It ap- 
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pears from this, that lecithin increases the vulnerability of the 
red blood cells, and renders them more readily soluble by the 
peptones. This heightened hemolytic activity is not due to a 
summation of the hemolytic action of the agents employed. 
One fact pointed out by Michaelis and Rona (2) is of interest 
in this connection. They found that the peptones to which leci- 


TABLE 5 
Horse serum 

Whole: no hemolysis—1-2 dil. = no hemolysis. 

Euglobulin:* 5 per cent solution in 0.9 per cent saline. Whole = no hemolysis. 
1-2 dil. no hemolysis. 

Pseudoglobulin:* 5 per cent solution in 0.9 per cent saline. Whole =++ 
hemolysis. 1-2 = no hemolysis. 

Albumin:* 5 per cent solution in 0.9 per cent saline. Whole = no hemolysis. 
1-2 dil. = no hemolysis. 


A B 


EUGLOBULIN PSEUDOGLOBULIN 
DEUTERO- 
ALBUMOSE B A : 
1-2 dil. 1-4 dil. 1-2: dil. 1-4 dil. , Deutero- 
(ie. = 2.5%) Sree NICE oe 2.5 %) ORC ae Gli enue 
Dilution Hemolysis | Hemolysis : Hemolysis | Hemolysis D lution Hemolysis 
1-10 SPaRse Slecie ats aleahaats aiaalnatn i! 0 
1-20 aipatneate Sinainate APaPSe SUE Iaie 1-2 0 
1-40 SPaPAr claaineata alataeate AP ar 14 0 
1-80 aESFSe aaah qatar ate 1-8 aia 
1-160 0 0 ar 0 1-16 +++ 
1-320 0 0 | 0 0 1-32 +++ 
Showing slight activation of the albumose hemolysis. Showing marked 


inhibition of the 
albumose hemolysis. 


* The serum fractions were obtained by precipitation with ammonium sul- 
phate in the usual manner and the salt removed by dialysis. 


thin is added are rendered soluble in chloroform. This is a strik- 
ing point of similarity between the conduct of these bodies and 
that which characterizes cobralecithid. The author attributes 
the change in solubility of the peptones in the presence of leci- 
thin to the physico-chemical character of these substances. 

The question as to whether the peptones enter into chemical 
combination with lecithin and form a lecithid, has not been 
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determined in this study. It has been found that lecithin alters 
the hemolytic and agglutinative action of the peptones, in rela- 
tion to different species of red blood cells. 

It seems apparent that the increase in the hemolytic activity 
of the peptones resulting from the addition of minute amounts 
of lecithin is not due to the intervention of a lipolytic ferment 
and the subsequent splitting off of a fatty acid from the lecithin. 

As in the case of cobravenom, the activation of the peptones 
can be accomplished not only by the addition of pure lecithin to 
them, but also by the addition of horse serum. ‘The activation 
of the peptones with serum is not as marked as with the lecithin, 
and the effect does not become apparent until the serum is 
sufficiently diluted (table 4). Whole serum fails to activate the 
peptones and interferes with their hemolytic action. This is 
due to the inhibiting effect of certain serum proteins (Albu- 
min-A, table 5). The serum after extraction with ether does not 
activate the peptones in any dilution. The lecithin that is 
firmly attached to the serum proteins fails to activate the pep- 
tones. Such serum can not be rendered active by digestion 
with pepsin and hydrochloric acid. 


(1) Epstein, ALBERT A.: Jour. Exp. Med., 1912, xv, 485. 
(2) MicwaE.is, L. AND Rona, Prerer: Bioch. Ztschr., 1907, iv, ii. 
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1. INTRODUCTION 


Weinberg and Sacquépée have recently announced the dis- 
covery of a strain of gas forming bacillus isolated from cases of 
gas gangrene, among the French soldiers, which gives rise to a 
true soluble toxin, and Weinberg has announced the production 
of an antitoxin. All previous investigators, both European and 
American, have agreed that the gas bacilli do not form a true 
soluble toxin although many hold that toxic substances may be 
elaborated by the bacillus on artificial media. On account of 
the great importance which an antitoxin might have in the 
treatment of gas gangrene, we have undertaken a careful study 
of one strain of a gas forming bacillus recently isolated from a 
case of gas gangrene in France. 

The bacilli described by Weinberg and Sacquépée are very 
similar to the organism that we have studied, but differ from it 
in several particulars. Simonds quotes Schattenfroh and Grass- 
berger to the effect that the butyric acid forming bacilli—to 
which group the gas bacilli belong—may be divided into three 
groups; the non-motile organisms, which do not form spores on 
fermentable sugar media; the motile organisms, which do form 
spores on the fermentable sugars; and the putrefactive organisms, 
which may be distinguished from the other two groups by their 
inability to cause the stormy fermentation of milk. B. Welchi 
is a member of the first group, and the organism here studied, 
being non-motile and unable to sporulate in the presence of fer- 
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mentable sugars, must also be considered as a strain of B. 
Welchii. The organisms of Weinberg and Sacquéqée are mo- 
tile and sporulate on fermentable sugar media, therefore they 
cannot be considered as strictly identical with the above men- 
tioned bacilli. They resemble the bacillus here described in 
being anaerobic and gram positive, in fragmenting dextrose agar 
with gas and in producing a fatal gas gangrene on intramuscular 
injection into guinea pigs. 


2. MORPHOLOGY AND STAINING 


The bacillus studied by us is a straight rod-like organism with 
rounded ends, somewhat longer and considerably thicker than 
B. anthracis. It occurs singly, in pairs or in short chains. There 
are, however, marked variations in morphology from short 
coccoid forms to single organisms which reach half across an 
oil immersion field. Many gram negative degeneration forms 
have been noted, including club, dumb bell and crescent shapes. 

The bacillus stains readily with the usual aniline dyes, al- 
though more lightly stained areas have often been noted in some 
of the organisms. All of the younger cultures are gram posi- 
tive, though in the older cultures gram positive and gram nega- 
tive forms may be seen together. Capsules have been observed 
in the animal body, and in cultures. Spores were noted only on 
sugar free broth plus coagulated egg white and then only in the 
depths of the egg white. 


3. BIOLOGICAL CHARACTERISTICS 


The organism was found to be non-motile when examined in 
capillary tubes filled with a young clouded dextrose broth cul- 
ture. 

The bacillus is a strict anaerobe. It must be noted, however, 
that in agar stab cultures a certain amount of turbid fluid con- 
taining the bacilli appears on the surface of the medium, prob- 
ably forced upward by the pressure arising from gas formation. 
Growth and gas formation have also been noted in aerobic tubes 
of dextrose, inulin and maltose broths. This is probably due to 


ieee 


STUDY OF A STRAIN OF B. WELCHII 191 


the fact that these tubes were filled almost to the top with broth, 
and the bottom was therefore anaerobic. The growth on albo- 
lin covered broth was variable, and the only reliable results were - 
obtained within Buchner tubes. 


4. CULTURAL CHARACTERS 


Surface colonies on dextrose agar resembled those described 
for B. Welchii by other observers. In glucose agar stab there 
occurred an abundant formation of gas which fragmented the 
medium. The agar was not liquefied. As other investigators 
have failed to note any diagnostic characteristics for B. Welchii 
on gelatin, we did not use this medium. 

Litmus milk cultures all showed the typical stormy fermenta- 
tion within forty-eight hours. Acid was formed, the milk was 
coagulated and filled with gas bubbles. There was a distinct 
odor of butyric acid from all milk and carbohydrate cultures. 

There was no gas formation and no noticeable growth on sugar 
free broth. On 1 per cent carbohydrate broths dextrin, dex- 
trose, lactose, maltose, saccharose and starch were fermented with 
an abundant gas formation, while glycerin and inulin yielded 
a decidedly smaller amount of gas. On mannite neither acid nor 
gas occurred. In every case in which gas was formed there was 
an abundant growth of the bacillus and the medium became acid 
to litmus. 

In sugar free broth to which coagulated egg white was added 
there was a fair growth of the bacillus, the medium became 
slightly acid to litmus and a small but constant amount of gas 
was present. By the end of the fourth day the small cubes of 
egg white had begun to disintegrate. 

The bacillus was injected intravenously into a rabbit and the 
animal killed a few moments later. After about five hours of 
incubation the rabbit was greatly puffed up; there were gas 
bubbles in the tissues, especially in the liver, and bacilli could be 
isolated from almost all parts of the body. 
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5. INJECTION AND PATHOLOGY 


The injection of 2 cc. of a dextrose broth culture of the bacilli 
into the thigh muscles of a guinea pig gave rise to typical gas gan- 
grene and the death of the animal in from six to eighteen hours. 

At autopsy an abundant sero-sanguinous exudate was noted 
extending for some distance from the point of injection, contain- 
ing almost no pus cells but laden with the bacilli in pure culture. 
There was an extensive muscle necrosis extending from the point 
of injection until it usually involved the entire leg and adjacent 
part of the abdomen. The muscle tissue was so necrosed that 
it had become semi-liquid and it was riddled with gas bubbles. 
There was a characteristic very offensive odor. Altogether eight 
guinea pigs were injected in the flank muscles with the gas bacilli. 
Three of these were killed early in the disease and only the local 
lesions already alluded to were noted. Of the other five ani- 
mals, four of which were etherized and examined during the 
moribund period while still alive, all showed multiple ulceration 
of the gastric mucosa and hemorrhage into the stomach. In 
four instances, blood cultures were taken just before and just 
after death. They were twice negative, and twice the bacilli 
were recovered in pure culture. 

Microscopically the infected muscle was found to be so great- 
ly disintegrated that in places no structure could be recognized. 
The bacilli filled this necrotic area and extended from it along 
connective tissue planes about still intact muscle fibers, in many 
of which the nuclei stained poorly. Sections of the gastric ulcer- 
ations showed that the mucosa and submucosa were eroded 
but the muscularis and serosa were intact. The neighboring 
vessels were dilated, but there was no round celled infiltration 
nor were any bacilli seen in the gram stained sections. There 
was a swelling of the cells of the kidney tubules but very few 
epithelial cells were found in the tubule lumina. 
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6. TOXIC PRODUCTS 


We have not been able to demonstrate that this organism 
forms any true soluble toxin nor has the bacterial protein been 
found to be toxic even in large doses. There are, however, cer- 
tain filterable toxic products formed on artificial media and also, 
we believe, in the animal body. 

In all subsequent experiments guinea pigs weighing from 200 
to 300 grams were the only animals used and with but one or 
two exceptions they were examined either during the moribund 
period under ether or autopsied within a few minutes after death. 

The effect of the bacillary protein was first investigated. 
Three forty-eight hour agar slants of B. Welchii washed and 
killed by heating to 72° were injected intraperitoneally into one 
animal, while another received a similar heat-killed B. coli cul- 
ture as a control. The animals showed no symptoms aside from 
slight restlessness and when killed several days later they pre- 
sented no lesions. 

Ten cubic centimeters of the bacteria-free filtrate of a 72 hour 
dextrose broth culture of B. Welchii were injected into each of 
two guinea pigs while as controls one animal received a similar 
B. coli filtrate and another a like amount of uninoculated broth. 
The animal receiving the uninoculated broth remained well, 
while the three animals that were injected with the B. Welchii 
and B. coli filtrates died in six to eight hours. At autopsy there 
was marked congestion but no necrosis of the peritoneum, and 
multiple ulcerations of the gastric mucosa, the serous surface of 
the stomach being intact. The B. Welchii and B. coli filtrates, 
though derived from very different organisms, were found to 
have one property in common, their acidity. With both fil- 
trates, about 4 cc. n/1 NaOH were required to render 100 ce. 
neutral to phenolphthalein, that is, they were 4 per cent acid in 
terms of N/1 acidity. 

Accordingly two animals were injected intraperitoneally with 
10 ce. of the neutralized B. Welchii filtrate and a third received 
a like dose of neutralized B. coli filtrate. The B. Welchii ani- 
mals lived, but the B. coli guinea pig died three days later of a 


194 MARY W. STEWART AND RANDOLPH WEST 


general peritonitis following a perforation of the lower gut sec- 
ondary to an intussusception that seemed to bear no direct rela- 
tion to the injection. None of the animals had gastric ulcers 
when examined post mortem nor were any lesions found aside 
from the ones mentioned. 

As the evidence up to this point indicated that acidity of the 
filtrates was chiefly responsible for their toxicity, the effect of the 
intraperitoneal injection of pure acetic acid—one of the acids 
formed by the bacillus—of the same strength as the acid fil- 
trates was investigated. Two animals received 10 cc. each of a 
solution of acetic acid representing 4 per cent of normal solution 
(that is 0.24 per cent by weight) intraperitoneally. One guinea 
pig weighing 180 grams died in four hours and showed multiple 
ulcers of the stomach, the other weighing 260 grams survived 
and showed no gastric ulcerations when killed and examined. 
It must be remembered that the bacillus forms from carbo- 
hydrates not only the comparatively non-toxic acetic acid but 
also the relatively toxic butyric acid and traces of formic acid, 
and this may explain the more uniformly severe effects of the 
bacterial filtrates as compared with those of pure acetic acid. 
This experiment however, does not exclude the possibility of 
the direct action of the acid through the stomach wall, although 
the peritoneal surface of the stomach has always been found 
intact. 

Accordingly pure acetic acid of varying strengths was in- 
jected into the external jugular vein. This had to be done very 
slowly, but even so eight of the animals died during the injec- 
tion of the acid, two of them of hemorrhage, probably of the 
mesenteric veins, which filled the peritoneal cavity with blood. 
Twelve of the animals survived the injection. Of these, seven 
received less than 4 ec. of 1 per cent acetic acid and when 
killed showed no gross lesions. The remaining five animals each 
receiving from 4 to 4.5 ee. of 1 per cent acetic acid. All of these 
when killed four to twenty hours later showed multiple ulcera- 
tions of the gastric mucosa. The only associated lesions visible 
to the naked eye were two or three superficial yellowish areas 
of necrosis in the liver, about 5 mm. in diameter, in two of the 
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animals, and a conjested condition of the lungs in one. No 
ulcers were seen in the intestines. One of the guinea pigs died 
of general peritonitis secondary to the perforation of several of 
the gastric ulcers, but the other four appeared to be normal and 
healthy when killed for autopsy. 

The question at once arises as to whether the bacillus can 
elaborate enough acid to cause such injury in the animal body. 
In order to ascertain this, the necrotic infected muscle tissue was 
removed from a guinea pig just dead of B. Welchii infection and 
titrated with phenolphthalein as inindicator. It was found on 
several titrations at least 10 ec. of N/1 NaOH were needed to 
neutralize 100 grams of the muscle. Oppenheimer states in his 
Handbuch der Biochemie that normal guinea pig’s muscle 
requires from three to five cc. N/1 alkali per 100 grams to render it 
neutral to phenolphthalein, depending on whether it is resting, 
fatigued, or in a state of rigor mortis. It will be remembered 
that the acid bacteria-free filtrates used in this work required 4 
ec. N/1 alkali neutralize 100 cc. to phenolphthalein. 

Two spontaneous gastric ulcers have been noted in a guinea 
pig in this laboratory during the last four months and although 
an exact count of the animals used is not available, the impres- 
sion is that not more than one: animal in twenty or thirty has a 
spontaneous ulcer. One series of twenty-four carefully exam- 
ined animals revealed no ulcers of the stomach at autopsy. 

In the gross the ulcers vary in size from 5 mm. to 3 or 4 cm., 
and in one guinea pig practically the whole anterior fundic wall 
of the stomach was perforated. In shape the ulcers are very 
irregular and but few resemble the typical ‘‘punched out’’ human 
gastric ulceration, nor are they limited to any one area of the 
stomach. Microscopically the lesion consists of an erosion of 
the epithelium usually extending no deeper than the muscularis 
mucosa. The surrounding vessels are dilated, but no thrombi 
nor bacteria have been noted in the sections. There is practi- 
cally no round celled infiltration of the tissues of the stomach wall. 

No duodenal nor other intestinal ulcerations have been found 
in any of the animals, although one or two have shown small 
subserous hemorrhages of the colon. Focal necrotic areas were 
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found in the livers of two animals injected intravenously with 
acetic acid. 

The acid filtrates of this organism have been found to exert 
a marked hemolytic action on red blood cells, the products of 
hemolysis being brownish in color and not red. When neutral- 
ized no such action has been observed even when equal amounts 
of filtrate and 5 per cent sheep cell suspension were mixed and 
incubated at 37°. McCambell states that pure butyric acid will 
produce a similar hemolysis and the products of hemolysis on 
the addition of HCl to blood in the Sahli hemoglobinometer 
show the same brown color. Simonds has noted hemolysis in 
some neutralized B. Welchii filtrates. 

We have made no direct experiments regarding negatively 
chemotactic substances, but the absence of pus cells in the B. 
Welchii exudates would favor the view that such products exist. 
McCambell has traced such effects to an acid action and has been 
able to show in a series of opsonic index experiments that 
phagocytosis of washed B. Welchii can be prevented either by 
the addition of unneutralized B. Welchii filtrate or by similar 
strengths of butyric acid. 


7. SUMMARY AND CONCLUSIONS 


The study of an anaerobic bacillus isolated from an infection 
in & French soldier has shown it to belong to the group of butyric 
acid bacilli classified as Bacillus Welchii. It has been found to 
produce no true exotoxin nor was the bacterial protein toxic. 
Nevertheless the bacillus has killed 5 pigs acutely, in spite of 
the fact that no general distribution occurred, and the bacilli 
were found in the blood stream at death either in small numbers, 
or not at all. 

Since death could be produced in these animals by injection 
of the bacterial free filtrate, and the toxicity of this filtrate could 
be rendered neutral with sodium hydroxide we feel inclined to 
attribute much of the toxemia produced by the bacillus to its 
ability to form acid. Evidence has been advanced to show that 
large amounts of acid were formed in the lesions, probably by 
splitting of glycogen within muscle tissue. 
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We believe, therefore, that acid formation of Bacillus Welchii 
in the tissues, constitutes a powerful factor in the injury of the 
animal body. 

Of the lesions distant from the focus of infection, the most 
striking one has been gastric ulceration. This has induced us 
to scrutinize closely the literature on experimental ulceration. 
As far as we can determine, only the acute, rapidly healing 
ulcers have been experimentally produced, and not the more 
chronic ones observed so frequently in human beings. These 
ulcers have been found to be produced through various agencies 
many of which are apparently unrelated to the question of acid- 
ity... However, there are some experiments which more or less 


1 Rosenow’s production of gastric ulcers by the injection of streptococci and 
his views on the specific localization of certain strains streptococci are too well 
known to be repeated here. Mann of Mayo’s Clinic has noted the formation of 
gastric ulcerations in a large number of dogs and cats following double adrena- 
lectomy. The ulcers developed in the absence of pancreatic juice or bile and 
could be prevented by continuous etherization or feeding with sodium bicar- 
bonate. Mann quotes Durante as stating that section of the median or minor 
splanchnic nerve on either side is followed by ulcerations of the gastric mucosa, 
while Elliot has observed the formation of gastric ulcers in guinea pigs following 
the subcutaneous injection of tetra hydro-@-naphthylamine hydrochloride, a 
drug which causes rapid exhaustion of adrenalin from the glands by impulses 
passing over the splanchnic nerves. The ulcers could be prevented by feeding 
sodium bicarbonate. The injection of thyroid extract and adrenalectomy have 
produced gastric ulcers in the hands of Friedman and the same author has noted 
duodenal ulcers following the injection of adrenalin. This is especially interest- 
ing in the face of the fact that Fawcett, Rogers, Rahe and Beebe state that thy- 
roid extract subcutaneously was the most potent stimulant of gastric secretion 
examined by them, while adrenal extract tended to lessen the gastric secretions. 
Interesting in connection with the adrenal work is the observation of Rosenau 
and Anderson that gastric ulcerations are not infrequent in guinea pigs killed 
with diphtheria toxin a substance causing marked adrenal lesions in these ani- 
mals. Bolton has produced ulcerations of the gastric mucosa by injecting guinea 
pigs intraperitoneally with the sera of rabbits immunized with guinea pig gastric 
mucosa or liver. Finally Bardeen quotes Schjerning’s statistics compiled from 
about two hundred autopsy reports, collected from the literature, of death fol- 
lowing extensive burns. In those cases in which death occurred in less than 
forty-eight hours after the burn no duodenal ulcers were noted, but 19 per cent 
of those dying after forty-eight hours showed this lesion. Associated lesions 
were hyperemia of the brain, lungs and intestines, nepthrites, pneumonia, pleu- 
risy and meningitis. Bardeen observed five cases of extensive burns but all died 
within ten hours after injury and no duodenal ulcers were found. 
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parallel our own. ‘Tiirck has found gastric ulcers in dogs fol- 
lowing the feeding of large quantities of broth inoculated with 
colon bacilli, which doubtless was acid in reaction. Bolton has 
produced ulcerations of the gastric mucosa in cats, monkeys 
and guinea pigs by feeding them with 0.7 to 1.6 per cent HCl. 
The gastric mucosa of the guinea pigs in this case, was invariably 
ulcerated after doses of 0.7 to 0.9 per cent HCl. 

We have found that ulcerations of the stomach in guinea pigs 
occurred regularly after intravenous injections of 4 to 4.5 ce. 
of 1.0 per cent acetic acid. 

In view of these facts, we feel justified in concluding that the 
excess of acid produced by the tissue necrosis is connected with 
the formation of the gastric ulcers, probably modifying the re- 
action of the blood stream. Whether the modified blood re- 
action causes the death or lessened vitality of many of the body 
cells and the subsequent digestion of these cells of the gastric 
mucosa which have been injured, rendering them noticeable as 
a, gross lesion, or whether it is possible for the stomach through 
its acid forming mechanism to lessen the blood acidosis by mark- 
edly increasing the acidity of the gastric juice and thus bring 
about the ulceration of the mucosa, can only be determined by 
a further investigation. 

Of course the ulcer formation, although interesting, is but an 
incidental lesion. The point we wish to emphasize is that this 
organism forms no true toxin, nor does it regularly invade the 
blood stream. It is the acid produced by the bacillus in the 
breaking down of tissue that is a factor of great importance in 
causing the death of the infected animal. 

We believe that the important principle demonstrated by this 
work is the fact that severe injury can be produced within the 
animal body by products of the bacterial activities upon the 
body tissues; products which are in no sense bacterial poison, 
but represent substances derived from the cleavage of the tissue 
constituents. Libmann, some years ago, suggested this possibility 
in his work on the streptococci, but subsequent workers have, 
we believe, failed to take cognizance of this possibly important 
means of injury to the animal body. 
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I, INTRODUCTION 


The data contained in this paper are collected from the his- 
tories of 621 cases of human protein sensitization observed dur- 
ing the past five years and summarized in the protocol herewith 
published. 

We were stimulated to this work as the result of a personal 
experience of one of us in the fall of 1910 with the realities and ' 
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the possibilities of the protein reaction in sensitized individuals,— 
both its immediate dangers as well as its ultimate beneficial 
effect. 

While not all of the histories cover all of the points discussed 
throughout the paper, extreme care has been used in eliciting 
them and only definite and positive facts are included. Any 
error, therefore, and errors undoubtedly do exist, is due rather to 
a lack of knowledge on the part of the patient and would appear 
on the negative rather than on the positive side in our statistics. 

Human sensitization to foreign protein has only recently come 
to occupy an important place in the field of medicine although 
certain facts, such as the development of urticaria after the in- 
gestion of particular foods, the production of an attack of bron- 
chial asthma after exposure to certain animals and the seasonal 
occurrence of hay fever from pollen of grasses and plants have 
long been known. However, the true nature of these attacks 
as anaphylactic in nature has been thoroughly understood and 
generally accepted only for the past few years. 

Hypersensitiveness to toxins, created experimentally in ani- 
mals, had been remarked upon by Richet (1) who introduced the - 
word “‘anaphylaxis” to designate this hypersensitive state as one 
strictly opposed to prophylaxis and distinctly disadvantageous 
to the host. In 1903 Theobald Smith, while working with diph- 
theria antitoxin, first observed the phenomenon that guinea-pigs 
previously injected with serum died suddenly in convulsions on 
the readministration of this serum, if a sufficient time had elapsed 
between the two injections. 

Extended studies to elucidate this phenomenon were then un- 
dertaken by Otto (2) in Ehrlich’s laboratory and by Rosenau 
and Anderson (3) in this country. Both of their articles, repre- 
senting independent work, appeared in 1906. In 1906 Wolff 
Hisner (4) suggested that the clinical manifestation, known as 
hay fever, was anaphylactic in nature. Meltzer (5), in 1910, 
further suggested that bronchial asthma was of the same nature, 
a suggestion based largely on the complete clinical analogy be- 
tween the reaction occurring in the guinea-pig experimentally 
and that in human beings during their attacks. 
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II. DISCUSSION OF THE ANAPHYLACTIC NATURE OF CERTAIN 
CLINICAL MANIFESTATIONS IN THE HUMAN 


There are two conceptions by which we might explain those 
clinical manifestations known as urticaria, angio-neurotic edema, 
bronchial asthma, hay fever and certain attacks of acute gastro- 
enteritis. Either they are due to a toxin, or they are due to a 
protein reaction in sensitized individuals; in other words, anaphy- 
laxis. 

As far as hay fever is concerned, Dunbar maintains that the 
protein. of the pollen is a toxin belonging to the albumen group. 
On this basis, however, it seems impossible to account for the 
peculiar hypersensitiveness of those individuals who are suffering 
from hay fever. For such cases give positive ophthalmic and 
cutaneous reactions with amounts of pollen protein inconceiv- 
ably small, whereas normal cases show no reaction to doses of 
100 and even 1000 times that amount. 

One of Ehrlich’s postulates for a toxin is thatits physiological 
action be practically identical for all individuals of the same 
species. This we now know is not strictly true, for about 50 
per cent of normal adult human individuals do not react on the 
introduction of diphtheria toxin in small amounts. This varia- 
bility in the reactivity has been proved both experimentally and 
clinically to be due to an immunity as a result of the presence of 
natural antitoxin in those cases that do not show a reaction. 
This principle is applied today in the so-called Shick test of 
immunity to diphtheria. 

If, then, we accept the toxin theory for pollen protein and ex- 
plain the variations of reactions on this basis, it must be demon- 
strated that the absence of hay fever in any individual is due to 
the presence of a natural antibody to the pollen toxin. ‘This, 
however, is not the case. The striking difference between the 
two reactions is this: In persons that do not react to diphtheria 
toxin, a natural antitoxin has been found; whereas in those that 
do not react to pollen protein, antibodies to this substance are 
not present. And, conversely, those that react positively with 
diphtheria toxin do not have antibodies to this toxin, while cases 
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of hay fever that do react to pollen protein are believed to have 
the specific antibodies present in their blood, as claimed by 
Clowes (5) who employed the precipitan and complement-fixa- 
tion reactions for their demonstration. 

If, then, we cannot accept the toxin theory as the cause of 
these reactions in man, the positive proof of their anaphylactic 
nature must lie in the fact that specific antibodies are continually 
present in the cells and at times in the blood of those affected 
with any of the clinical manifestations we are discussing. 

Koessler (6) states that he has been able passively to sensitize 
guinea-pigs to ragweed pollen, using the blood of an individual 
afflicted with late hay fever. Assuming, then, that any indi- 
vidual, for reasons still unknown, has become naturally sensitive 
to some certain protein, the production of symptoms is readily 
understood. It has been definitely proved by the researches of 
Dale, Manwaring, Pearce and Ejisenbrey, Weil (7), Coca and 
others that the anaphylactic reaction is cellular and not essen- 
tially humoral in character. For this reason, in human sensiti- 
zation, the clinical type of the reaction depends entirely upon 
the cells that are sensitized and we have in hay fever an essential 
sensitization of the mucous membrane of the eyes, and the re- 
spiratory tract together with a general cutaneous sensitization; 
whereas in urticaria the sensitization is essentially in the cells 
of the epithelium. In angio-neurotic edema the sensitization is of 
the connective tissue cells in the subcutaneous tissue, whereas in 
those cases of acute gastro-enteritis from the ingestion of cer- 
tain foods it is the cells of the mucous membrane of the intestinal 
tract that manifest the reaction. 

Furthermore, it is manifestly impossible for us to consider 
these clinical manifestations, occurring in certain groups of pa- 
tients, as due to toxins, for on this basis it would be necessary to 
conclude that all normal human beings are immune to their nor- 
mal food proteins; in other words, that the proteins of our food 
are toxic unless we carry bodies immune to them. For this 
reason again, therefore, we must decide against the toxin theory 
as an explanation for the reactions that are observed in certain 
individuals, and we can, on the other hand, satisfactorily explain 
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them as anaphylactic; in other words, certain individuals become 
and remain naturally sensitized to various proteins that in them- 
selves are not toxic, but which on introduction into the sensitized 
individual show the specific reactions. 


Ill. PATHOGENESIS 


Since human sensitization to such peculiar and varied forms 
of protein so frequently occurs, it is not only interesting but 
important to study its pathogenesis. 

Inheritance has been frequently, yet somewhat vaguely men- 
tioned as a causative factor in hay fever, which is undoubtedly 
the commonest form of human sensitization. We have thought 
it worthy of study, therefore, to determine definitely what part 
inheritance plays, not only in hay fever but also in those other 
clinical manifestations of sensitization—bronchial asthma, urti- 
earia, angio-neurotic edema and acute gastro-enteritis following 
the ingestion of certain foods such as fish and strawberries—and 
we have made it a particular point in preparing our family his- 
tories to inquire as to all these reactions. We have excluded, 
however, eczema, a history of which, it would be well to state, is 
commonly elicited, and migraine and epilepsy until further ob- 
servation might warrant their inclusion. We have, therefore, 
studied sensitization as a whole and have included as positive 
in our family history all those cases in which the above mentioned 
reactions have taken place. 


1. The frequency of human sensitization 


Without its having any direct bearing upon the pathogenesis 
of sensitization, but because the statistics for its determination 
were at hand from a group of normal persons, that we had taken 
at random, we deemed it of interest to determine the frequency 
of human sensitization in general. 

Of 68 individuals questioned, five gave a history of sensitiza- 
tion. In this group, inquiry was limited to father and mother 
and the group therefore includes three times 68 or 204 cases, 14 
of whom, or 7 per cent gave a clinical history of sensitization. 
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In general, therefore, we may say that the frequency of human 
sensitization with clinical manifestations is probably not over 10 
per cent. 


2. Inheritance as a factor in sensitization 


Excluding from our 68 cases the 5 that were themselves sensi- 
tive, we have 63 cases, apparently normal, that give a history of 
sensitization in the father or mother six times, or 9.5 per cent. 
Seventy-six other normal persons gave a positive antecedent 
(direct or collateral), family history eleven times, or 14.5 per 
cent. 

Among our 621 cases of sensitization, the antecedent, direct, 
or collateral history was negative in 260, positive on one side in 
205, positive on both sides in 39 and discarded as incomplete in 
117 (table 1). In other words, of 504 cases with satisfactory his- 
tory there was positive antecedent, direct or collateral history in 
48.4 per cent. This is in striking contrast to the 14.5 per cent of 
positive antecedent histories in 76 normal persons and it would 


TABLE 1* 
Showing a list of the cases grouped according to their inheritance 


A. Bilateral family inheritance history—39 cases 


22, 72, 73, 106, 116, 134, 187, 292, 307, 310, 314, 317, 319, 333, 341, 342, 367, 372, 
380, 385, 390, 399, 400, 401, 436, 437, 441, 442, 461, 468, 486, 540, 545, 551, 570, 571, 
572, 602, 623 


B. Unilateral family inheritance history—205 cases 


3, 5, 31, 32, 35, 37, 39, 41, 42, 43, 45, 47, 50, 57, 60, 62, 63, 65, 67, 70, 76, 77, 78A, 
78B, 80, 82, 90, 91, 93, 103, 104, 107, 108, 109, 114, 121, 122, 125, 127, 129, 131, 144, 
149, 150, 151, 153, 155, 156, 158, 160, 166, 167, 168, 169, 172, 175, 176, 177, 178, 179, 
182, 184, 188, 190, 199, 203, 205, 207, 210, 211, 213, 215, 216, 217, 220, 221, 224, 226, 
228, 229, 230, 233, 234, 236, 243, 248, 256, 257, 258, 266, 268, 277, 283, 286, 288, 291, 
299, 306, 308, 312, 315, 316, 318, 323, 324, 325, 327, 330, 331, 332, 337, 338, 343, 344, 
345, 346, 350B, 352, 354, 355, 356, 359, 363, 373, 384, 391, 392, 393, 394, 398, 403, 
407, 408, 412, 414, 416, 417, 419, 425, 428, 430, 435, 438, 440, 445, 448, 455, 457, 458, 
459, 460, 464, 470, 472, 474, 475, 476, 477, 478, 479, 481, 495, 497, 500, 505, 506, 508, 
511, 512, 514, 516, 517, 519, 524, 527, 531, 533, 534, 537, 548, 546, 548, 552, 553, 555, 
564, 566, 574, 577, 579, 580, 581, 582, 587, 590, 595, 597, 601, 603, 605, 612, 613, 614, 
618, 622. 


* Numbers in all the tables refer to history numbers in the protocol. 
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TABLE 1—Continued 
C. Negative family inheritance history—260 cases 


8, 9, 10, 12, 13, 14, 16, 18, 19, 20, 21, 23, 24, 25, 26, 28, 33, 34, 36, 38, 44, 46, 52, 53, 
54, 55, 59, 61, 64, 66, 68, 69, 71, 74, 75, 79, 81, 83, 84, 85, 86, 87, 88, 89, 92, 96, 98, 
99, 101, 110, 111, 112, 115, 118, 119, 120, 124, 128, 132, 135, 138, 143, 145, 146, 147, 
154, 157, 159, 161, 162, 163, 164, 165, 170, 171, 173, 180, 181, 183, 185, 186, 193, 194, 
196, 198, 201, 202, 204, 208, 209, 212, 218, 222, 225, 227, 232, 237, 238, 239, 240, 241, 
242, 244, 245, 246, 247, 249, 250, 251, 252, 253, 254, 255, 259, 260, 261, 263, 267, 269, 
270, 272, 274, 275, 276, 278, 279, 280, 281, 282, 284, 287, 293, 295, 296, 298, 300, 301, 
302, 304, 305, 313, 321, 322, 326, 329, 334, 335, 336, 339, 340, 349, 350A, 353, 357, 
358, 360, 361, 362, 365, 366, 368, 371, 375, 376, 379, 382, 383, 386, 387, 388, 395, 402, 
404, 405, 406, 409, 410, 411, 413, 415, 420, 421, 422, 423, 424, 426, 427, 429, 432, 433, 
434, 444, 446, 447, 449, 450, 451, 453, 454, 456, 462, 463, 465, 467, 471, 473, 480, 482, 
483, 485, 487, 488, 489, 491, 493, 494, 496, 498, 499, 503, 509, 510, 513, 515, 518, 521, 
523, 525, 526, 528, 532, 538, 539, 544, 556, 558, 559, 560, 565, 567, 568, 573, 575, 586, 
589, 592, 594, 598, 600, 604, 607, 608, 609, 610, 615, 616, 617, 619, 620, 621. 


seem to warrant the conclusion that inheritance is a definite 
factor in human sensitization. This being the case, how further 
may its influence be shown? 


3. Heredity and age of onset of clinical symptoms 


In order to study the influence of heredity upon the age of 
onset, we have divided our cases into three groups. First, those 
in which the antecedent direct or collateral history was negative; 
secondly, those in which such history was positive on one side 
and thirdly, those in which it was positive on both sides. 

There are 500 cases in which the age of onset is given together 
with the complete antecedent family history. These cases are 
summarized in table 2 and more graphically represented in 
Chart I. 

Unfortunately, the double inheritance group is small—only 
44 cases, yet the difference is so striking that it is deemed best 
to include it. With three exceptions, cases 116, 292 and 468, 
at least one parent is involved. The accompanying chart is 
plotted according to the percentages at the different ages. For 
the cases of double inheritance the period of maximum liability 
is in the first five years when 36.3 per cent develop symptoms. 
For single inheritance cases, it is the age from 10 to 15 while the 


208 


ROBERT A. COOKE AND ALBERT VANDER VEER, JR. 


TABLE 


Showing a list of cases grouped according 


6-10 YEARS 


11-15 YEARS 


16-20 YEARS 


(| 66, 74, 145, 159 


186, 302, 305, 365 
446, 447, 489, 510 
619 
A. Negative inheritance, 253 
(CASES) See abi tear eee 
Number ofscases =~ =... 22ers 13 
Percent Oftotalenssacececc mene Ball 


41, 60, 78A,78B |. 


32, 35, 57, 62 

65, 70, 176, 177 
199, 203, 217, 221 
233, 248, 277, 291 
308, 312, 350B 


B. Unilateral inheritance, 203 + | 393, 445, 495, 531 


CASES se ances eeeseee 548, 597, 601, 613 
614 
| 
INumiber of cases... 42.227 22. 22-- 29 


Rertcent, of totall.ceccsns cc he ae we 14.3 


ee el = 


187, 292, 317, 319 
342, 436, 442, 486 


C. Bilate:al inheritance, 444] 551, 570, 623, 385 


10, 24, 25, 52 
55, 85, 87, 98 
132, 196, 281, 295 
300, 304, 321, 326 
335, 336, 340, 361 
387, 405, 423, 426 
429, 485, 487, 503 
509, 567, 568, 586 


32 
12.6 


5, 37, 47, 50 
63, 93, 114, 144 
153, 160, 175, 205 
230, 256, 258, 299 
313, 324, 325, 327 
331, 337, 343, 352 
407, 408, 440, 455 
457, 505, 508, 512 
582, 612, 618, 622 


36 

17.7 

307, 310, 333, 399 
400, 401, 437, 461 
540, 572, 602, 360x 
390 


13, 53, 75, 101 
157, 163, 171, 181 
194, 198, 209, 238 
240, 245, 249, 260 
280, 360, 366, 404 
432, 456, 471, 473 
528, 560, 573, 607 
621 


29 
11.5 


82, 121, 122, 127 
155, 167, 179, 188 
211, 220, 228, 266 
316, 347, 354, 356 
392, 394, 419, 425 
428, 435, 458, 470 
472, 474, 475, 477 
497, 500, 534, 537 
543, 566, 574, 57! 
581, 587, 595, 605 


21.7 


314, 367, 545 


18, 59; 79; 78ss 

99, 119, 180, 183 
193, 202, 225, 227 
244, 246, 252, 253 
255, 357, 358, 371 
379, 395, 402, 413 
480, 496, 539, 565 
592 


31, 76, 80, 104 
107, 172, 182, 184 
229, 236, 257, 268 
288, 306, 359, 363 
373, 384, 398, 412 
417, 517, 527, 564 
590, 216 


—— ee | 


CASES yioys poeicraicloversin ee erais 158x, 419x 
487x, 192x 

Number of.cases 0.5 cei: 212 16 
Percent Of totale socces os olen’ 36.3 


* The sign x following history numbers refers to descendants of patients: see ‘‘other relatives’’ column 


50, 36, 38 
124, 170, 208 
263, 301, 362 
427, 451, 556 


ee | Ee 


166, 210, 323 


= ISIS<I IE EEE. EEE EE SSS. 


nn 


2* 


to their age of 


21-25 YEARS 


19, 20, 44, 61 
68, 69, 71, 81 
96, 112, 115, 154 
161, 185, 218, 232 
239, 241, 242, 250 
270, 274, 276, 334 
349, 353, 375, 376 
383, 388, 406, 420 
422, 434, 483, 493 
498, 538, 575 


39, 42, 43, 125 


190, 213, 215, 315 
318,*332, 344, 355 
416, 438, 448, 479 
481, 511, 516, 524 
533, 546, 555, 580 


131, 150, 169, 178 j 


onset and their inheritance 


26-30 YEARS 


8, 21, 26, 46 
64, 83, 88, 92 
111, 128, 143, 146 
162, 165, 173, 201 
222, 247, 267, 278 
284, 322, 329, 386 
410, 421, 433, 450 
525, 526, 558, 559 
594, 604, 609 


35 
13.9 


45, 77, 90, 103 
109, 156, 158, 207 
234, 283, 286, 345 
403, 464, 478, 514 
519, 552, 577 


19 
9.3 


116 


31-35 YEARS 


12, 14, 16, 28 
33, 110, 118, 120 
164, 204, 212, 227 
259, 261, 269, 272 
275, 279, 296, 409 
454, 462, 467, 482 
488, 494, 499, 513 
515, 521, 523, 544 
598, 600, 610, 620 


36 
14.0 
67, 108, 129, 149 


168, 226, 330, 414 
430, 506 


10 
5.0 


441, 468, 571 


6.8 
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36-40 YEARS 41-45 YEARS 


9, 86, 89, 135 34, 254, 298 
147, 251, 282, 287 | 424 
293, 350A, 368, 411 
415, 444, 449, 453 
463, 465, 491, 532 
589, 616 


22 4 
8.8 1.6 


91, 151, 243, 346 
476, 603 


224, 338 


6 2 
3.0 1.0 


134, 341 


4.5 


OVER 45 YEARB 


608, 617 


391 


14 
5.5 


1.8 
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height of the curve in those cases with negative history is not 
reached until a still later age—20 to 25. 

Inheritance, therefore, does exert a distinct effect upon the age 
of onset of symptoms of sensitization; the more complete the 
inheritance, the earlier the manifestation. 
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4. The nature of the inheritance 


Since it is shown that inheritance is a factor, the question 
naturally arises, of what does the inheritance consist? Is there 
the transmission of a definite and specific sensitization from parent 
to child; or does the offspring inherit merely the capacity, or the 
tendency to form specific antibodies to any form of protein of 
and by himself. 

The following arguments are presented in favor of the latter 
hypothesis: 
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a. The offspring of a sensitive parent are not born sensitive. If 
a child actually inherits a specific sensitization, for example, a 
sensitization to grass pollen, it would be natural to expect that 
this sensitization would be apparent, clinically at least, by the 
second or third summer. But we know that this is usually not 
the case, for in those instances where one parent only is affected 
the clinical manifestations do not as a rule develop until the age 
of 10 to 15 years. 

b. A parent may transmit a tendency to sensitization without 
himself being sensitized. It has been found that in cases of bi- 
lateral inheritance a larger proportion of the children become 
sensitized at an average earlier age than in the cases of unilateral 
inheritance notwithstanding the fact that in more than one-third 
of the former group the hereditary influence on one side of the 
family was not seen in the parent, but in a grandparent or a 
collateral, such as an uncle. It is apparent here that the parent 
not clinically affected has transmitted some characteristic to his 
offspring the nature of which cannot be specified. 

It is however conceivable that such parents have a latent sen- 
sitization. By this we mean that while these individuals have 
none of the clinical symptoms to be interpreted as anaphylactic 
yet they would show a reaction if the proper protein were paren- 
tally introduced. 

Longcope has shown, and we can substantiate his findings, 
that a fair number of apparently normal individuals will give 
positive reactions to proteins intradermally introduced, but such 
individuals do not have and never have had any clinical mani- 
festations of such reactions, and this can be readily explained on 
the ground that these proteins as such, never reach the sensitized 
cells. 

c. Experimental evidence. Another fact that speaks strongly 
against the direct inheritance of definite sensitization is fur- 
nished in the study of the transfer of hypersusceptibility from 
parent to offspring in guinea pigs. Otto (2) has shown that the 
young of anaphylactic mothers are passively sensitized for as 
long as 44 days. Rosenau and Anderson (3) also have shown this 
transfer of suceptibility from sensitized mothers, but this is 
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merely the passive transfer of a specific sensitization—of only 
short duration during the first few days of life and not trans- 
ferable to a third generation; and further it has never been 
shown experimentally that the sensitized father transmits a 


TABLE 3 


Giving a list of the cases grouped according to the relation of the sensitization in 
the antecedent to the descendant 


A. Relation of sensitization to parent 


PATIENTS | PATIENTS. BROTHERS AND SISTERS 


Same Inclusive Different Same Inclusive Different 


i i i i | | nn ee ey ey ee 


41 31 3 50 39 5 144 73 | 372 | 531 41 | 106 


TORN) “7ael 63 | 761 6O"| 8271 150°|1787) ‘612 60 | 158 
203 | 82] 131] 108| 72| 35]| 256] 210 60 | 210 
226 | 93| 144] 122] 90| 57 || 257] 210 72} 380 
317 | 109 | 150] 151] 106| 121 || 327] 354 72 | 380 
327 | 127| 153} 158] 168| 155 || 517 106 | 394 
338 | 230| 190] 176| 175 | 169 || 517 347 | 398 
408 | 354! 213] 177] 187| 178 || 614 363 | 441 
436 | 394| 236] 210| 188] 199 372 | 512 
505 | 579 | 256] 216 | 248] 220 380 | 571 
517 | 602 | 257] 307| 299 | 266 380 

308 | 317 | 314] 310 401 | 

333 | 319 | 345 | 323 441 | 

380 | 333 | 363 | 324 441 

385 | 350B| 372 | 330 540 | 

401 | 380| 390] 342 546 

407 | 385 | 399] 343 548 

437 | 412| 400! 390 571 
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TABLE 3—Continued 


B. Relation of sensitization to grandparent 
Pan eal kN Sa ne 


PATIENTS PATIENTS. BROTHERS AND SISTERS 
Same Inclusive Different Same Inclusive Different 

22, 41, 199 | 57, 67, 70/184, 317, 401 477 359, 359, 372] 41, 67, 359 
307, 319, 372 |109, 216, 233/512, 612, 613 372, 401, 468 
477 319, 319, 359 512, 548, 612 

384, 458, 475 

486, 545, 548 

570 

7 16 6 1 3 9 


C. Relation of sensitization to uncle and aunt 
PRU ek 95 em eS Eee SEE ta 2 ea Eo Ne Be ee 


PATIENTS PATIENTS. BROTHERS AND SISTERS 
Same Inclusive Different Same Inclusive Different 

57, 62, 78B | 17, 37, 47| 35, 65, 109]/144, 179, 393/354, 359, 359) 47, 47,78A 
144, 167, 182 |78A, 129, 144/149, 156, 172)|445, 477, 477/372, 531 172, 182, 221 
187, 199, 211 |155, 166, 169|151, 187, 187||534 283, 283, 359 
221, 307, 399 |179, 190, 199188, 205, 211 372, 401, 401 
400, 445, 477 |199, 199, 187/283, 307, 310 416, 417, 468 
477, 419, 497 |258, 292, 306/314, 317, 317 
514, 534, 566 |308, 312, 319/317, 317, 319 
‘YUP 344, 352, 354/319, 331, 332 

354, 355, 359/333, 342, 346 

393, 401, 401/872, 399, 399 

436, 486, 437/400, 400, 416 

437, 438, 458/417, 419, 436) 

470, 481, 519/437, 442, 457 

531, 570, 602/458, 461, 486 

618, 486 —-|570 

22 44 43 Uf 5 13) 


sensitization even to the second generation. ‘The situation here, 

| then, is very different from that observed in the human being, 

| and while it is not denied that placental sensitization may occur, 
in human beings certainly it is not usual. 

d. Comparison of the sensitization of antecedent and descendant. 

The final and perhaps crucial argument in settling the point 

against the inheritance of a definite and specific sensitization is 

shown in tables 3 and 4. That placental sensitization is not an 
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TABLE 4 
SUMMARY OF TABLE 3 


Showing the relation of the sensitization in the descendant to that in the antecedents 
Picea ee ee 


SAME INCLUSIVE DIFFERENT 

ANTECEDENT D z z va ns = wn a 2 3 

=e) S| B | SS yl eee) eeS. lash) er! onl Vecuniee 

a aa) aa) 4 ou aa aa) oy a aa) ion) om e 
Father....... 11 | 8| 19 | 22.5 | 27| 2 | 29 | 34.5 | 28 | 18 | 36 | 43.0 | 84 
Mother....... 11] 5 | 16 | 18.6] 30] 1 | 31 | 36.0 | 29 | 10 | 39 | 45.4 | 86 
G’parent..... 7| 1] 8|19.0| 16} 3] 19) 45.2} 6] 9| 15 | 35.8) 42 
Collateral*...| 22 | 7 | 29 | 21.3 | 44] 5 | 49 | 36.0 | 43 | 15 | 58 | 42.7 | 136 
Collateraly...| 16 16 | 20.0 | 31 31 | 39.2 | 32 32 | 40.8 | 79 


* Uncles and aunts—gt. uncles and great aunts. 
+ Same as ‘‘a’’ but in families where parent is not affected. 


important factor is evidenced by the fact that the inherited char- 
acter is as frequently paternal as maternal and that in cases where 
the inheritance has been maternal, the clinical form in the child 
is much more apt to be different from the mother (45.4 per cent) 
than it is to be identical (18.6 per cent) (see table 4) and is no 
more apt to be identical with the mother than with the father. 

The apparently normal parent whose antecedents or whose 
sisters and brothers are sensitized does transmit something to the 
offspring as discussed under Section 6. The interesting fact here 
is that in children whose uncles or aunts are sensitive the clini- 
cal type is just as apt to be identical with that of the uncle or 
aunt as it is to be like the parent. 

Furthermore, we have among our cases the histories of six 
pairs of twins, summarized as follows: 


TWINS 
or ANTECEDENT SENSITIZATION 
a b 

144 Pat. and mat. Late h. f. Same 
336 Neg. Urtic.-fish norm. 
393 Pat. uncle Early h. f. norm. 
500 Mat. g’mother Late h. f. Same 
622 Mat. aunt Asth.-horse norm. 


629 Pat. g’t aunt Early and late h. f. Same 
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Three of the six pairs have identical sensitization, but in none 
is the mother herself affected and in only two is the inheritance 
maternal alone and in these two pairs the sensitization is iden- 
tical once and different once. Such facts certainly do not sub- 
stantiate any claim for an inheritance of a specific sensitization. 

To sum up then we must say that the results of a clinical study 
compel us to conclude that sensitized individuals transmit to their 
offspring not their own specific sensitization but an unusual ca- 
pacity for developing bioplastic reactivities to any foreign pro- 
teins. This is a most important conception as a prelude to the 
following section. 


5. Laws governing inherited sensitization 


We have studied our cases of double, single and negative in- 
heritance to determine whether or not they might conform to 
the Mendelian laws either as a dominant or as a recessive char- 
acteristic. 

In the cases with double inheritance both parents being in- 
volved we find 26 families with a total of 70 children, 39 of whom 
show a sensitization clinically at the average age of 23 years. 
From our age of onset curve we know that 82.6 per cent of such 
cases have developed their sensitization at this age; therefore 39 
is 82.6 per cent and 47.2 is 100 per cent, or the total number 
that will develop sensitization and 47.2 is 67.5 per cent of the 
total number of 70. 

In the group with single inheritance we have 52 families with 
150 children, 77 of whom are clinically sensitized at the average 
age of 27.5. From the age of onset curve we know that 84.5 
per cent of these single inheritance cases will have developed 
symptoms at this age, therefore 91.2 children or 60 per cent of the 
150 will become sensitive. 

In contrast with this we have 148 cases with negative family 
history. Among 631 children there are 205 sensitive at the 
average age of 35 years. In the same way we figure that 244 
will become sensitive. This is only 38.6 per cent of the total 
number. 
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TABLE 5* 
Giving the list of cases with bilateral parental inheritance 
CASE ae ae es CASE BA BE = CASE qe ale ¥ CASE Ae Be < 
mo SR a] a NO Se doe) ae NOUS cela a aires o over ml oeicitaee 
Bale lee Bole |S Racer: © E lene 
72 ‘1 3] 3] 88 390) 4] 1 | 173] 572 3.) 1 559 AOA | a | ea ae 
73 3 2.) 108) 401-3 | 2) 65) 602 1) 19) 10? 2479s.) 1p) ea 
106 5 | 21] 181) 441) 3] 3] 99] 385 2° de) 185) 487x230) io 
307 67) Di) 72) 442) 2). |) A) P56) 2 0 1G eb48xi0 PO ees 
317 De es UW5401 27) 92) |) (26 212 xe) 2 On Me ogixel Sop tomeae 
333 Aa eta ot) BR te 12) 360% i 27) Fass 
380 Ser) @Gl 71) (5) 4 || 24N 368x537) 925| 42 | 
Numberrofahamiliessan, coo ec en ot coe sore inne eater te 26 
Rotalechrldrensw ss Pee. byt sre Seeine oe Sed eR stots et eratarve «pute sens 70 
Densitizednchal nent. Atyes es, 5 eee ase MSV Cease caus ee tee ane ee 39 
Averacexace im toualechil dren sc Skee nicie ieee aici acne erie erns 23 


* The sign x following history numbers refers to descendants of patients. 
See ‘‘other relatives’? column in protocol. 


TABLE 6 


Giving the list of cases with unilateral parental inheritance 


case | 84/82] = lease| 5/88] < | case |BE|HE| = | case | 8) 88) * 
Ao Cale ae Ee nlee 
5 5 3 62} 226) 1 il 38| 403 2 1 93) 508 5 1 53 
31 2 1 89} 299} 3 1 68} 407 4 2 78) 511 2 1 62 
35 D, 1 TL) 324] 3 1 28| 412 1 1 26)" 5i2 3 2} 116 
42 1 1 36] 325) 2 1 30| 414 2, 1 85| 517 3 3 94 
50 1 1 50} 327| 2 2 19} 428 2 1 96) 524 1 il 37 
57 2 2 66] 337] 1 1 24| 488 4 1 | 142) 431 4 2 33. 
60 5 3 | 170) 338) 3 1 | 158} 440 3 1 18} 546 2 2, 57 
131 2 i 53] 354| 4 2 83) 448 3 1 77| 548 5 2 | 229 
144 3) 2 | 148) 363] 4 2 77| 458 1 1 36} 553 Z 1 52 
169 3 1 621 aval Pe 92) 472 3 1 72| 495 6 1 | 158 
178 8 2 | 288) 394) 4 2 | 105) 474 3 1 90) 579 4 2} 100 
203 2, 1 35| 398] 3 2 Gol 505 1 1 26) 581 2 2 68 
601 Fe 1 TAN a PAN 2 52} 614 5 2 75| 618 4 PHN 1 
Number offamlites arene eres e oe cco aie a3 avec chaperone ane TO 52 
Potalachuldrems. eee ae Rae o-oo Wom ate ee 150 
Sensitized:chiladrenae eee ee ee ile wane cocoa oe ee tee 77 


See 


HUMAN SENSITIZATION oui. 


TABLE 7 
SUMMARY OF TABLES 5 AND 6 


Showing the percentage of sensitized children estimated to develop in the three 
inheritance classes 


Ge m Zz Nia E 

° BR me TIMATE 

Pa @ | curpren | 86, / Geo | sensiri7ep 

ad a SENSITIZED a : 
INHERITANCE as ag Sterey |b Ste CHILDREN 

2 | 22 |————_| #83 | g..8 |— ——__— 

2 Oo No. |% Total] % SS No. |% Total 


both’ parentsyes.. 5.22. e-e=4" 126 70 39 | 55. 


Datars DOr Aten |nOteo, 
Onesparentesnojsse ne oe 52a 150 Gh \Oledale 2s) 64258) 9122196020 
INP EMH NCSA orcid eRe ee aes 148 631 205 | 32.4 | 35.0 | 84.0 | 244.0] 38.6 


* Based on Chart I. 


In dealing with human beings the conditions are not precise 
enough for absolute accuracy. It is not possible to be sure that 
an individual is pure-sensitized or mixed. If the sensitization 
trait is pure in one parent all the offspring should be sensitized 
whether the trait in the other parent is pure or mixed. We have 


100% Dominant 75% Dominant 50% Dominant 
impure pure and impure im ure 
I II Ill 
Tei a oe ] Parent 
ae ele) Nes = N + Gamete 
[=| 
=a mens Bes aaa et Oe i + + = Zygote 
Cuart IT 
+-+ = Dominant pure. + = Dominant impure. — = Recessive 


no family sufficiently large and with all children sensitized, to be 
sure that this is the case. Assuming then that all parents though 
clinically sensitized, are impure with respect to the sensitization 
trait; that is, carry both sensitized and non-sensitized gametes, 
we should expect according to the Mendelian laws to have 75 
per cent of the offspring sensitive when both parents are affected, 
and 50 per cent of the offspring sensitive when one parent is 
affected. These theoretical facts are shown graphically in Chart 
iJ. The figures obtained—67.5 per cent instead of the theo- 
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retical 75 per cent for bilateral inheritance, and 60 per cent 
instead of 50 per cent for unilateral inheritance are sufficiently 
close, strongly to suggest that sensitization is inherited as a 
dominant characteristic. With regard to those cases of sensi- 
tization in which there is an absence of sensitization in the 
family history, nothing can be said. We can only surmise 
that here the failure to find the antecedent sensitization was 
due to the limitations of our methods of ascertaining the family 
histories in this respect. 


IV. MULTIPLE SENSITIZATION 


We were, from the very first, impressed with the fact that a 
large number of our cases had clinical evidence of more than one 
sensitization. As far as hay fever itself is concerned, we find that 
30 per cent of 530 cases have both the early and late variety, and 
of the total number of 551 cases of sensitization 42.3 per cent are 
multiple. These facts can be more concretely shown as follows: 


Ac eMarly hay tfevetccnracserc eee. ete tose ia. 96 cases = 18 per cent 
Tatemay fever... a. nwiecr sore nie see oe eee 276 cases = 52 per cent 
Barly and late, hay fever... :)..0.02<..%. >6« 158 cases = 30 _ per cent 

Be With lssensitization...-os.s4 oer - 318 cases = 57.7 per cent 
With 2 sensitizations............. 172 cases 31.2} 

With 3/sensitizations:.......2-.- 42 cases 7. A oe 42.3 per cent 
Over 3 sensitizations............. 19 cases 3.5 
530 


In this list there were 37 sensitive to horse, 35 to strawberry, 
28 to shellfish and 27 to fish. 


V. ARTIFICIAL SENSITIZATION 


The mere fact that over 42 per cent of a large number of sen- 
sitization cases are clinically multiple in type suggests very 
strongly the fact that such individuals as a group, possess a 
very peculiar capacity to become sensitive in a natural way to 
certain proteins to which their environment and habits of life 
frequently expose them, and reasoning from analogy then we 
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might expect that any form of foreign protein parenterally intro- 
duced would readily render them acutely sensitive. On account 
of the frequency with which horse serum is injected in the pas- 
sive immunization to diphtheria, it has been possible to select a 
number of sensitization cases that have been previously injected 
with horse serum in varying amounts and over varying periods of 
time. We have applied the intradermal test of horse serum to 
these cases in order to decide whether or not they have become 
and remained anaphylactic to the foreign protein, which has been 
introduced in much larger amounts than ever could be the ease 
with those forms of protein that are absorbed from mucous 
membranes either respiratory or gastrointestinal and to which 
persons have become naturally sensitive. 

We know from the studies of Von Pirquet and Schick that 
normal individuals form antibodies to parenterally introduced 
serum and these are demonstrable after the tenth day and persist 
for from two to six months, as shown by an immediate cutaneous 
reaction to the specific serum. When, however, the interval be- 
tween the first injection and the test was over seven months no 
immediate cutaneous reaction was obtained. There was, however, 
an altered reactivity as shown by an “accelerated” reaction in 
from five to seven days. As a basis of comparison for our sen- 
sitization cases we have applied the intradermal test with horse 
serum to 16 persons whose family and personal history showed no 
sensitization. They had received horse serum as antitoxin in the 
amounts and at the previous times indicated in table 8A. 

None of the cases gave very strikingly positive cutaneous reac- 
tions though 7 of the 16 showed distinct response within one hour. 
In these 7 cases the last previous injection varied from four years 
to about seven weeks and all but one of these cases had received 
more than one injection. Four of the 7 had a marked reaction 
at the site of injection with the first dose, only one however had 
any constitutional reaction and that began on the eighth day. 

Of the 9 cases that gave a negative cutaneous reaction only one 
had received two injections, these having been made at the short 
interval of three days, and only two had received fairly large 
amounts. All but two of the cases however had been injected 
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TABLE 8 


Showing that naturally sensitized individuals (B) are not more prone to arti- 
ficial sensitization than normal individuals (A) 


ee 


A. Normal individuals 


eee 


PREVIOUS AWOUNE REACTION AT SITE | CONSTITUTIONAL INTRADERM* 
INJECTION OF INJECTION REACTION TEST 
12 10syrevago... <2: Unknown None None 
Dee: 19 714.522. 5: 1000 units None None Pos. mild 
2 eWecw Ons. eeaec 5000 units None None 
Dee 1914 ees 5000 units None Pos. mild 
Sy Oct? Myal4ccsec- 1000 units M’k’d 4 days None 
Dec:29; 714.52... ... 1000 units M’k’d 3 days None Pos. mild 
A ARGT BS BL Ovsces vo. 2 injections M’k’d 3 days None Pos. mild 
8 yrs. ago......... 1000 units M’k’d 1 week Gen. urtic begin. 
8th day 
5. Ll year. ago......-- 1000 units M’k’d 1 Pos. mild 
G2 Deen 29571425502. 1500 units Slight 
Jans, On 1Ossceee 5000 units Mod. 2 days 
Janeway losses ce: 5000 units M’k’d 2 days None Pos. mild 
45 1 Yeat-ago::...-..- 1000 units Slight 2 days None Pos. mild 
SB MeC 1195 14. os. 1000 uints M’k’d 2 days None Neg. 
9° Dee: 19; 71422... - 1000 units Neg. None Neg. 
10. Dec. 19, ’14....... 1000 units M’k’d 2 days None Neg. 
ATA TSS APOs Sac. ccs 1000 units Slight None Neg. 
A22Dec 114s 1000 units None None Neg. 
Assan gle close. 10,000 units Slight 1 day None Neg. 
14 Deen tO Nec ee 1000 units Slight None Neg. 
fh heb.10, e155 56 5000 units Mod. 2 days None Neg. 
Feb: 135 715.05... 5000 units Mod. 2 days None Neg. 
AG Des 19) 714222... 1000 units Slight None Neg. 
B. Naturally sensitized individuals 
ONSTITU- HORSE SERUM 
Seca CLINICAL DIAGNOSIS ANTIGEN Seceras ae 3 Onan Tae A 
REACTION TEST 
313 Early and late hay | R. and G. 13 yrs. ago 5000 None Pos. marked 
fever Grass pollen units antitoxin 
408 Early and late hay | Grass pollen 2 yrs. ago 10,000 None. Pos. slight 
fever Ragweed units antitoxin 
577 Late hay fever Ragweed 11 yrs. ago anti- | Urtic. 10 d.j| Pos. mod. 
toxin after injec. 
612 Late hay fever Ragweed 5 yrs. and 1 yr. | Urtiec. 10 d.| Pos. mod. 
10,000 units each after 2nd in- 
jec. 
41 Late hay fever Goldenrod and! 3 yrs. ago tetanus None Neg. 
ragweed antitox 
167 Late hay fever Ragweed 4 yrs. ago 5000 None Neg 
units antitox 
183 Eaily hay fever Grass pollen 4 yrs. ago 1000 None Neg 
antitox 
290 Bron.-asth. rf 6 yrs. ago anti- None. Neg 
toxin 
314 Early hay fever Grass pollen 10 yrs. ago 35,000 None Neg 


unit antitox 


Se ee eee eee ee ee ES ee 


* The intradermal tests were made March 14, 1915. 
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TABLE 8—Continued 
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CONSTITU- HORSE SERUM 
Ruste a CLINICAL DIAGNOSIS ANTIGEN eatin ttl TIONAL INTRADERMAL 
REACTION ' TEST 
325 Early hay fever Grass pollen antitox, 1 dose None Neg 
335 Early hay fever Grass pollen 10 yrs. ago 2 doses None. Neg 
antitox 
407 Late hay fever Ragweed 6 yr. ago 5000 None Neg 
unit antitox 
457 Late hay fever R. and G. 13 yrs. ago 1 dose None Neg 
antitoxin 
474 Late and early hay | Grass and rag | 14 yrs. ago 1500 None Neg 
fever weed units antitox 
487 Late hay fever Ragweed 7, 6, 5, and 2 yrs. | Immed.urtic. | Neg 
ago 1000 units after last 
each time dose 
540 Bron.-asth. i 4 yrs. ago 1 dose None Neg 
antitox 
597 Early and late hay | Grassand R. | 6 ys. ago 1000 None Neg 
fever units antitox 
A.W. | Bron.-asth. ? 4 mos. ago 25 cc. No urtic Neg 
horse serum 
M. W. | Early hay fever and | Grass pollen 2 mos. ago 1000 No urtic. Neg 


asthma units 


within eleven weeks. Two of the cases had marked reaction at 
the site of injection but none developed any constitutional 
manifestation. 

In table 8 B are summarized the results of the tests on those 
eases that have shown the capacity to become naturally sensi- 
tized to proteins but who have no asthma or “hay fever’ from 
exposure to horse. They have received subcutaneous injections 
of horse serum, in the amounts and at the times specified. 

Of these 19 cases tested, all but three have been found to 
react positively to some form of protein that gives clinical symp- 
toms. In several of the cases the amount of horse serum injected 
was rather large and several have had repeated doses. Only two 
showed a constitutional reaction on the tenth day. Four gave 
positive reactions to the cutaneous test with horse serum, only 
one being marked. 

Although the cases are too few to permit absolute conclusions, 
they certainly indicate that artificial sensitization even in indi- 
viduals with an abnormal capacity to sensitize, is not easy of 
accomplishment. Evidently the type of clinical sensitization 
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that they acquire and maintain is dependent upon some other 
factor than the mere parenteral injection of native heterologous 
protein. 

Part II. Hay FEVER 


Although hay fever was vaguely recognized from the middle of 
the sixteenth century, to Bostock must be given the credit for its 
description in 1819, as a disease with definite symptomatology and 
seasonal occurrence. 

Elliotson in 1833 first suggested the pollen of the grasses as an 
etiological factor for that type of the disease occurring in Eng- 
land, and in 1872 Wyman stated that the ragweed pollen was the 
cause of another type of the same disease occurring in America. 
Finally Blackley (8), a victim of the disease, proved conclusively 
that the pollen of the grammaceae was responsible for the disease 
by the fact that he could induce a typical attack at any time of 
year by injecting himself with extracts of the pollen. Dunbar 
(9) confirmed the pollen theory and amplified the work by a thor- 
ough and painstaking study of the toxic action of the pollens of 
many of the grasses, plants and trees. 

That hay fever is an anaphylactic reaction has previously 
been discussed. The disease manifests itself clinically in two 
forms, which we will designate as Early Hay Fever with a course 
from the middle of May to the first or middle of July and Late 
Hay Fever, beginning the middle of August and ending with the 
advent of frost. 


I. SPECIFIC CAUSES OF HAY FEVER 


Accepting, then, the anaphylactic nature of the reaction in hay 
fever and the pollen protein as that to which individuals with 
the disease are sensitized, we must determine which of the 
pollens are important causative factors. 

Dunbar has published a long list of those that he has found 
active. The following is a list of those that we have found to 
give a positive cutaneous reaction with certain of the cases of 
early hay fever. 
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Common Name Botanical Name 
Timothy Phleum pratense 

Red-top Agrostis alba 

June grass Poa pratensis 

Sweet vernal Anthoxantheum odoratum 
Low spear Poa annua 

Orchard grass Dactylis glomerata 

Rye Secale cereale 

Wheat Triticum sativum 
Quickgrass Agropyrum repens 

Locust Robinia pseudo-acacia 
Chestnut Castanea dentata 

Maple Acerrubrum 

Daisy Chrysanthemum leucanthemum 
Rose Rosa 

Honeysuckle Lonisera caprifolium 
Privet Ligustrum vulgare 


The following is a list of those pollens to which the late cases 
give positive reaction: 


Common Name Botanical Name 
Ragweed Ambrosia trifida 
Ragweed Ambrosia artenisiaefolia 
Goldenrod Solidago canadensis 
Goldenrod Solidago nemoralis 
Chrysanthemum Chrysanthemum 
Dahlia Dahlia 

Zenia Zenia 

Clematis Clematis Virginiana 
Marsh grass Spartina stricta 
Aster Aster 


This list is indeed far from complete, for Dunbar has given 25 
of the grasses besides 8 of the Cyperaceae and a large num- 
ber of other plants. But the above list does include practically 
all of those which by reason of their prevalence and ubiquity 
are important inciting agents of the disease in this country. 

An important question arises as to the specificity of these 
various pollens. We have tested a group of 20 cases of early 
hay fever with the pollen proteins of 6 of the most common 
grasses in order to determine whether or not there is any differ- 
ence in the reaction. The following is a table of these cases with 
the results of the test: 
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TABLE 9 


Showing group sensitization to pollen of grasses 


CASE NO. TIMOTHY RED TOP RYE ORCHARD WHEAT JUNE 
112 +++ *] ++ - + ++ as 
111 + ~ + oe 
110 - ~ ~ ~ - 
107 ++ ++ | +++ | +4++ - 
103 ~ ~ ~ ~ a 
109 ++ a oa ++ 

99 ~ ~ ~ ~ ~ 
100 + - ~ ++ ++ a 
163 + ~ —- ~ ~ ~ 
162 - ~ ~ ~ - “ 

90 ++ os aa as ~~ ++ 
151 “+ a= —- a 
146 ++ a + + - 
143 +— - +— > 
159 + - - - - a 

65 +++ | ++ - ~ +++ | +44 
108 + ~ - +- 

115 ++ ~- ~ - 
157 = ao -- ~ 


* Plus (+) signs refer to intensity of reaction. 


An examination of this table shows that with very few excep- 
tions a sensitiveness to one was associated with a sensitiveness to 
all. There are, to be sure, some minor variations in the degree of 
the reaction, but this is easily accounted for by slight differences 
in the amounts injected for the test. On the whole, we can say 
that an individual reacting to one reacts to all, which bespeaks a 
biological identity of the proteins derived from the pollens of the 
graminaceae. A further proof of this identity that can be men- 
tioned here is the fact that immunizing injections with the pollen 
of one grass gives clinical relief of symptoms in those cases that 
have reacted to ail and have from time to time been purposely 
exposed to that form of grass to which they were not specifically 
immunized. 

As between the pollens of the grasses and various other plants 
and trees flowering at the same time, the case is distinctly dif- 
ferent. Whether an individual is sensitive to any of the pollens 
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other than those of the grass is entirely a question of individual 
idiosyncracy, and such sensitiveness requires separate immuni- 
zation. 

We have also tested a group of cases subject to late hay fever, 
using the pollen proteins of the two prevalent varieties of rag- 
weed and the two more prevalent varieties of goldenrod. These 
two varieties of ragweed are botanically different and not subject 
to cross-fertilization in the open. The same is true for the varie- 
ties of goldenrod. We have collected in a table (table 10) a 
group of cases that have been tested with these four pollens. 


TABLE 10 


Showing group sensitization to the pollen of ragweed and golden rod 


AMBROSIA SOLIDAGO 
(Ragweed) (Golden rod) 
CASE NUMBER 
Trifida Artemisiaefoelia, Canadensis Nemoralis 

278 ++* ++ + 4 
54 ++ ++ +- + 
284 +++ + 

267 ++ 4: + “ 
272 + 4 +. + 
14 ++ ++ + ~ 
251 —- ++ + = 
268 ++ “4: + ~ 
46 ~ - Se +- 
285 ++ ++ ~ ~ 
280 +H ++ ++ a+ 
260 “ ae + _ 
286 ++ tr 7 + 
224 iE ++ oo +o 
275 ++ ++ +- +o 
26 ++ ++ 

270 + ++ ~ - 
287 ~ +4 - +- 
255 ++ ++ ~ 
276 a +4 = = 
279 =+ ++ +o ~ 
273 ++ + +> +- 
196 aes a 

211 a4 ++ oo 

989 +— ++ ~ 

283 ++ + = Bs 


* Plus (+) signs refer to intensity of reaction. 
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This table shows that of the 26 cases tested those that reacted 
positively to one of the ragweed pollens, reacted in practically 
identical degree to the pollen of the other ragweed. The same 
holds true as between the two varieties of goldenrod; but it does 
not hold true between ragweed and goldenrod as 6 of the cases 
were absolutely negative to goldenrod while showing a positive 
ragweed reaction. From this we may infer that the pollens 
of ragweed are biologically identical, while botanically different, 
and the same holds true for the pollens of goldenrod. This is 
quite in keeping with the findings of Wells and Osborne (10) 
who were able to demonstrate the biological identity of the 
ghadins from wheat and rye and the hordein of barley. 


II. THE SPECIFIC TREATMENT OF HAY FEVER BY ACTIVE 
IMMUNIZATION 


With the exception of a few early and abortive attempts at 
active immunization, Dunbar was the first to attempt this pro- 
cedure in human beings. He used solutions of the pollen protein 
that in the light of our present knowledge were many hundred 
times too strong. He obtained such violent reactions, with the 
production of attacks of hay fever, asthma, urticaria and edema 
that he soon desisted from these attempts and actively im- 
munized horses, obtaining from them his ‘‘antitoxic’’ serum 
known as “pollantin,’”’ with which he has been able to obtain 
certain results in cases of hay fever. 

It is known that the parenteral introduction of a protein 
into the animal body gives rise to the production of specific anti- 
bodies. If the injections are few and small, only a few anti- 
bodies are formed. If the injections are repeated over a sufficient 
length of time and are large enough, there is an excessive forma- 
tion of the antibodies which then exist not only attached to 
cells but also circulating free in the blood and in the other body- 
fluids. 

Under the usual experimental conditions of subcutaneous, in- 
travenous, or intraperitoneal injection, Weil (7) has shown that 
the absence of anaphylactic symptoms following subsequent in- 
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jections may be due to the free, circulating antibodies which 
unite with the antigen and protect the cellular antibodies. And 
he has also shown that the immunity is only relative, for the 
introduction of a sufficient amount of antigen will always pro- 
duce symptoms. 

Under the conditions that exist in hay fever, with the antigen 
being absorbed directly by the sensitized membrane, all the 
existing theories of protection are unsatisfactory. It is not 
known at the present time exactly how an immunity is produced 
in such a condition as hay fever. It is not known whether the 
protection is due to an excess of free, circulating antibodies, or 
whether a state of desensitization exists. Experiments to deter- 
mine the exact nature of the protection in hay fever are now 
being undertaken. 

Koessler has reported, without however publishing the proto- 
cols of his work, that he was able passively to sensitize guinea 
pigs, using the serum from two patients suffering with asthmatic 
attacks in the third week of their hay fever. All of his animals 
on reinjection at the end of twenty-four hours, showed typical 
symptoms of anaphylactic shock. He also states that ‘‘guinea 
pigs ean be readily sensitized to pollen protein and succumb on 
reinjection with typcial anaphylactic shock.” This work has 
not yet been confirmed but if this is so we have excellent proof 
that the pollen protein reactions in the human are identical with 
the protein reactions in experimental anaphylaxis. 

Noon (17) was the first to publish observations on the treat- 
ment of hay fever by active immunization. The work begun by 
him has been continued by Freeman (16). Of necessity, it was 
confined to the early type of the disease. They used the pollen 
of timothy and extracted the protein by alternate freezing and 
thawing in distilled water and, after filtering, boiled the extract 
for ten minutes in sealed, glass tubes. In order to standardize 
their product they chose as a unit that ‘quantity of pollen toxin 
which can be extracted from the thousandth part of a milligram 
of phleum pollen.”’ They measured the resistance of the patient 
by determining the strength of pollen extract necessary to excite 
a conjunctival reaction; and they found that as a result of the 
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subcutaneous injection the immunity as tested by the conjunc- 
tival reaction had increased one hundred fold. 

In 1913 Clowes (15) reported on 8 cases of hay fever of the 
autumnal type; he used as his unit the soluble constituents of 
one-twenty millionth of a gram of pollen (1/20,000,000) and he 
was able to demonstrate in one case a thousand-fold increase in 
the resistance of the patient as measured by the ophthalmic 
reaction. 

From this time on many reports appeared in the literature 
from workers in this field, among whom were Koessler, who re- 
ported on 41 cases, Ulrich (11), Goodale (12), Oppenheimer (13), 
as well as one of the authors (14) of this paper. 

Both the ophthalmic and cutaneous reactions have been used 
to determine the quality as well as the degree of the sensitiza- 
tion. A drop of a very weak solution of pollen protein instilled 
into the eye of an individual sensitive to this protein produces a 
hyperemia of the conjunctiva and cornea, sometimes going on to 
edema and associated with a more or less intense degree of itch- 
ing. The cutaneous reaction may be carried out as the von 
Pirquet test; that is, by rubbing a solution of the pollen, or even 
the pollen itself into a small secarified area. A more accurate 
method, however, is to inject the solution in amounts of 1/50 
or 1/100 ce. intradermally. In all positive cases there develops 
within five to thirty minutes an urticarial wheal, usually with 
irregular pseudopod-like injections into the skin, the wheal being 
surrounded by a distinct zone of hyperemia 1 to 3 cm. in 
diameter. Usually there is a distinct sensation of itching. 

In the application of active immunization in cases of hay fever 
the question of dosage is of the utmost importance. We know 
from the experience of Dunbar that violent and even dangerous 
manifestations may result from an overdose. 

Is there any method other than empiricism to guide us in 
determining the dose that it is safe to use? Noon and Freeman 
have used the ophthalmic reaction as the indicator of their in- 
creased resistance in the patient, but they state that they were 
unable to use it as a guide to determine dosage. Clowes states 
that the ophthalmic test ‘‘can be used quantitatively and affords 
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a fair index of the measure of immunity.” He does not state 
in Just what way it can be applied to the question of dosage or 
to the intervals between doses. Koessler has not found it a safe 
index for determining the strength of the ensuing dose. The 
precipitin and complement-fixation reactions also will not suffice, 
for Clowes has shown that these reactions were exhibited only 
by a part of the cases and that when present before treatment 
the reactions disappeared under treatment, only to reappear 
after its cessation. The cutaneous test likewise is of no value. 
It is not sufficiently accurate, nor sufficiently sensitive. 

Our patients under treatment when fully immunized and free 
of symptoms during the usual period of their attack still show a 
marked positive intradermal reaction. If there is any change at all 
the reaction in the immunized individual is somewhat more abrupt 
and the wheal lasts a shorter time and usually the sensation of 
itching, which was present before immunization, is markedly di- 
minished or altogether absent. But these variations are com- 
paratively slight and of no therapeutic value. In this respect 
we cannot confirm the findings of Oppenheimer who obtained a 
disappearance of the wheal after treatment. 


The preparation of pollen extracts 


‘The extraction of the pollen protein is comparatively simple. 
It is soluble in distilled water, the extraction being aided by 
freezing and thawing as suggested by Dunbar, or it can be 
extracted in concentrated salt solutions or normal salt solution. 
Noon followed the method of extraction adopted by Dunbar 
and standardized his extract by weight of the pollen. His unit 
was that quantity of pollen protein that can be extracted from 
the thousandth part of a milligram of pollen. Clowes is not 
specific, except to state that he precipitates with acetone and 
extracts with water. He does not mention how the solution for 
precipitation is prepared. Koessler extracts the protein in an 
8.5 per cent NaCl solution. Both Clowes and Koessler have fol- 
lowed the method of Noon, standardizing by weight but adopting 
an individual and arbitrary unit. 
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Authors’ method. With our earliest work in the extraction of 
pollen protein in 1911 we used a solution of 0.8 per cent NaCl in 
i979 NaOH. The pollen or the polleniferous portion of the flower 
was ground in a mortar to a fine pulp with sand and the extract- 
ing solution. It was then shaken 24 hours, filtered, precipitated 
with 3 volumes acetone and redissolved in 0.8 per cent NaCl 
solution, to which 0.25 per cent trikresol was added. It was then 
filtered through a sterile Berkefeld filter and standardized ac- 
cording to its nitrogen content with the use of the ordinary 
Kjeldahl method. For the last two years we have employed 
simple extraction with 0.8 per cent NaCl omitting the acetone 
precipitation as unnecessary. For purposes of testing, both 
with the cutaneous and the ophthalmic methods, our solutions 
are made up in 3 strengths—0.01 mgm. N per cubic centimeter, 
0.1 mgm. N per cubic centimeter and 0.5 mgm. N per cubic 
centimeter. For subcutaneous injections a solution containing 
0.2 mgm. N per cubic centimeter is most convenient. In every 
way we have found this method of extraction and standardization 
eminently satisfactory, yielding solutions that are apparently of 
identical toxicity and immunizing capacity. 


Active immunization in hay fever 


By means of the intradermal test it is first determined to which 
pollen an individual is sensitive. Where positive reactions are 
obtained the different dilutions of such pollens (beginning with the . 
weakest) are employed in the ophthalmic test to determine the 
degree of the sensitization. Where a positive ophthalmic re- 
action is obtained with a solution containing 0.01 mg. N per 
cubic centimeter, the first dose subcutaneously is 0.005 mg. N. 
If the ophthalmic reaction can not be obtained with a solution 
weaker than 0.5 mgm. N per cubic centimeter, the first dose is 
0.02 mg. N. 

Immunization in hay fever can be carried out either prophy- 
lactically or phylactically: 

Prophylactic treatment. This is begun about six weeks before 
the expected onset of symptoms, and the injections are con- 
tinued at approximately weekly intervals to within ten days or 
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two weeks of the end of the usual course. As a rule 10 to 12 
injections are given in any individual case. 

Phylactic treatment. Cases that are seen shortly before the 
usual onset or during an attack are given the original small 
first dose on four successive days. After an interval of three 
days a slightly larger dose is given, and injections are continued 
in gradually increasing strength and with a gradually lengthen- 
ing interval up to a week, when injections are continued at weekly 
intervals to within ten days or two weeks of the expected termina- 
tion of the disease. 

It has been our experience that the most sensitive individuals— 
those that give positive ophthalmic reactions with solutions con- 
taining 0.01 mgm. N per cubic centimeter—respond most readily 
and require smaller doses throughout in order to have protection, 
while the cases that are the least sensitive require a much larger 
dose. This fact would seem to speak against a state of desen- 
sitization or antianaphylaxis as the determining factor in the 
protection afforded by the treatment. 


III. REACTIONS: LOCAL AND CONSTITUTIONAL 


Almost all of the cases show some reaction at the site of in- 
jection following the first inoculations, the reaction consisting of 
swelling, redness and itching, which last about twelve hours. After 
the third or fourth injection local reactions are practically ab- 
sent even when 100 times the original dose is given. Any con- 
stitutional reaction bespeaks,an overdose. Such reactions may 
consist in the production of an attack of hay fever or of a general 
pruritus with or without erythemia or urticaria. In cases sub- 
ject to asthmatic attacks with their disease, asthma likewise may 
be induced. 

We have studied our cases from 1915 with reference to consti- 
tutional reactions. They can be summarized as follows: 


AVERAGING NUMBER CASES 


oes “cases [ingecrions| NUMBER | wirH constiTU- | "GP De scrrons. 
: “S| INJECTIONS| TIONAL REACTION ; 
lB VAY Ine ata cousin: 98 1200 12+ 25= 24% 43=3.6% 


Wave vhs bes ccuyeers oe 241 2992 12.4 74=31% 118=3.9% 
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In only one of the cases was the reaction sufficiently severe to 
cause apprehension. In this instance there was marked weak- 
ness and prostration with a rather rapid heart and a very low 
tension pulse. Recovery followed in the course of a few hours. 
As far as the effect of such reactions is concerned upon the gen- 
eral results of the protective inoculations we can say that appar- 
ently it tends to decrease the susceptibility to the protein and is 
therefore ultimately advantageous. In none of our cases, some 
of them having received treatment for three and four years, 
have we seen any evidence of any constitutional disturbance that 
could conceivably be traced to the inoculations. Longcope (18) 
and Boughton (20) have experimentally produced lesions in the 
kidneys of animals by repeated injections of heterologous pro- 
tein, but this has usually been when large doses were given and 
anaphylactic shock was induced. 


IV. RESULTS OF ACTIVE IMMUNIZATION 


In 1914 Freeman reported on 84 cases of early hay fever 
treated by active immunization during the seasons of 1911— 
1912-1913. Freeman’s results are summarized by him as 
follows: 


For 34 seasons: Completely cured or insignificant symp- 


LOTS eee CR Seca ene Ca Rie ane: Pemeape ver aete tr ostels, aie. 30.1 per cent 
For 39 seasons: Hay fever greatly diminished............ 34.5 per cent 
For 27 seasons: Hay fever diminished but slightly....... 23.9 per cent 
Kor 13 seasons: Hay fever no better... ..2 0.6.00. .0. 11.5 per cent 


In 1913 Clowes reported on 8 cases of late hay fever and 
states that ‘‘all the cases treated experienced a marked allevia- 
tion of general symptoms.” Koessler treated 41 cases in four 
years. These can be summarized as follows: 

Early hay fever, 5 cases Prophylactic, 17 Completely free, 4 cases 


Late hay fever, 36 cases Phylactic, 19 Markedly free, 29 cases 
Not improved, 8 cases 


Oppenheimer (13) treated 11 cases in 1914, 6 prophylactically 
and 5 phylactically. Of those prophylactically treated 1 was 
free of symptoms, 4 were markedly improved and 1 not im- 
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proved. Of the 5 phylactic cases 4 were markedly improved 
and one not relieved. 

Ulrich treated 12 cases with “pollen toxin” in 1913. Nine 
showed satisfactory improvement. 

The term “‘cure”’ is incorrect and misleading and should not be 
used in any discussion of results. Freeman’s classification is 
very satisfactory and forms a valuable basis of comparison. 
The results in our own eases, covering the years 1912-1915 in- 
clusive are listed in table 11 and summarized in table 12. By 
‘“‘oreatly diminished” hay fever we mean an absence of 75 per 
cent of the usual amount of trouble. 

This summary speaks for itself. The clinical results have 
been surprisingly good. If we consider the 3+ and 2+ classes 
together we find that satisfactory protection is offered to the 
early hay fever subjects in about 90 per cent whether treated 
phylactically or prophylactically. 

Immunization in the late hay fever cases is somewhat more 
difficult. It is probably to be explained either by a greater 
toxicity of the protein or a larger amount of pollen in the air. It 
therefore requires a higher degree of immunity to protect. 


V. DURATION OF IMMUNITY 


Reasoning by analogy from the work in animal anaphylaxis 
we should not expect the protection afforded by active immuni- 
zation in hay fever to be in any sense permanent. Freeman 
states however that “‘when a patient has been inoculated for 
one year with complete success, he has in the next year complete 
or almost complete immunity, but that in the third year he has 
but slight immunity left.’”’ Clowes tested 5 of his cases for their 
ophthalmic resistance five months after injections were stopped 
and in all cases it had dropped back to the point where it was 
before treatment. Koessler reports two cases that remained free 
for two years and 2 cases free for one year after receiving one 
series of injections. We have four such instances of apparent 
cure among our cases. But the reason for this is not clear and 
these results certainly do not hold for any considerable number 
of cases. We cannot therefore safely attribute their immune 
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TABLE 12 
SuMMARY OF TABLE 11 


Showing the results of treatment by active immunization 


A. Early hay fever 


| PROPHYLACTIC PHYLACTIC 


| ; 
ven foams! B31 @ | o | % | ~ | 28 \.o.| m | @ | 
| EC |4++) ++] + — | € j+++] +4 | + - 
| ZS ZS 
1912 | 2/ 1 0 | 100) O 0 1 0 | 100] O 0 
1913 | 24 | On ett 67 | 22 Or leas 0 67 | 33 0 
1914 | 64] 31 3 65 | 32 0. 33 0 70) 18° \\ 12 
1915 | 100 | 75 | 47 | 38) 12 3 | 25 | 36 56| 8 0 
B. Late hay fever . 
PROPHYLACTIC PHYLACTIC 
YEAR pases 33 % % % 3 Z % { % % % 
rv etek tall dete a = heel fee saree Is AF = 
a Zs 
1912 ll | 5| 0 .| 60 0 | 40 6 @ 233° 50) alata 
1913 7a) 50) 4. | 52.0) 98" | 16 |) 24 4 | 55 | 25 | 46 
1914 | 133| 90! 2 | 42 | 36 | 20 | 43 5 | bee | 30. | eat 
1915 | 251| 189| 20 | 57 | 18 te aka ie) Bel so eee (ae | 5 


+++ Hay fever absent or insignificant. 
++ Hay fever greatly diminished. 
+ Hay fever slightly diminished. 
— Hay fever as bad as usual. 
state entirely to their inoculations, for cases of hay fever do 
spontaneously become cured. We have 6 such instances of 
spontaneous cure among our records. In 2 of them, curiously 
enough, an early hay fever disappeared and was replaced by the 
late type. However, these cases as a result of their cure do not 
return to a normal state. They all possess definitely positive 
cutaneous reactions while an ophthalmic reaction is negative 
even to the strongest solution. A further study of these cases is 
being made in the hope that these natural sea ean be dupli- 
cated by artificial means. 
In general, however, it is true that the cases satisfactorily im- 
munized one season respond more readily to the treatment the 
ensuing year. 
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416) dalNegs Weck tanscess: Neg. © fe sdasdaciceds|esasasecedss eal eons ch ooote el tee EEeeEee eee .’s fam, 
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mf 8 Oth oe aa a 
tive | Diag. Cause a es Cause 
} Diag. |e 1915 
; < 
ee 10) L. H. F. R 1h) SER a] Seca ct Pal (en ee ae | TUE bc OA Pro 
wd 
- ogee 9) E. H. F GsP. Hoek: Chicken.} E. sieicie[elel lofs{eisiete | eia\ai-(els.a1e/a1e fetes vierel| clerics] Liye 
Os a SIS | (ac GRRE 59 bcoCeboaee fl Cel LS aime ieee Fe Cen RL ath Pro 
| ere aaa aeerencs | ns foun coaloseata/eecaccleeedeale.cs..Miteedes Wo. 
4K. 27/L.H.F. | R. G.Ent. | Fish. Pro. 
OK. 
‘mit, F. 15)L.H.F. | R. G. Ent. Peach. Pro. 
‘1K, é Asth. 
0) E. H. FP. sey Urtie. Unk. Phy. 
3] L. H. F. INOne =) A) soe tne. Pro. 
é Asth. 
pusigdy None sen eee Pro 
E.H.F wid TELA oe etek ao [a Phy. 
BE ES |S en Pro. 
@ Asth 
L. H.F and G. |H. F Violet Pro 
Sachet. 
L. H. F None? 7 Peach acs Pro. 
E.H.F Blea 1? | ste aN | re Phy. 
~~ ET AUSSI SS | Scere chy apne Oe ea ie me) NO NI I Fe A Pro. 
1018 fab Hor Cat. Dy SGP ceO Sogodel nono ated eee lees ne Pro. 
and 
Asth 
16] L. H. F Urtic. Unk. b'||bisnoodiGcpgan jscnaaal adasnd| eoapen bono Pro. 
and 
Asth. 
33) E. H. F 12, G. Ent. Clam. Dil [Sceaccl locouddl loasood Bosace lsaeooel (osseae Pro. 
bo. E .and G. 
and 
Asth 
38] L. H. F None. yif A ocen oil [oxeia}araxel| etetels'e=l{ Siais's\s/el| sisietsrecc |l<ehs erors'llsteieciel: Pro. 
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S| @ hie eS ee s 
ozs = Soe en 0 
416 | M. Ui. Neg 9 beelll-cnenteeee S. Ss. 
B. Ss. 
417 Negio€8) Se2Le satccercie| a A. Tae eh B. BS 
419 | M. Neg. A. E. H. F. Ss. None. sl sis. eee ea eee lee eee 
A. 1D eked 
420 | M. Neg. Negs) OP ilieccceesecns s. None. {2.5.0 2..ee eee 
421 | M. Neg. Neg: al Beaetiseecere 3B. -| None. |). scc-eseeegles : 
4s. a 
422 | F. Neg. Neg: = Win erece sec cariec |e sarecee eeee ti] o+| ccoeleele 65:0 2,0] sie oS Tere eet eee 
423 | M. Neg. Wego) lizeeaaocsene 8B. and S.}..| B. 
424 | F. Neg. NOS, ieee nieve see alloc coreseseeieisini| ole, 0.0 erevereceseneie ell arches ener Cena | eee 
425 | F. G’m Neg! 9 Pi neecetasne 8 B and S. |..| None. i 
OK 
426 Neg INegas Hp bllseectecs eos s. None. as 
Ss. d 
427 Neg Neg. escsccccseddlececdeeteecelos|- oat. e 
408 | M. |47| F. Nog! My filacs. Mater B. None. Oh 
429 | F. |43| Neg News ye (eek: S. None. : 
s. 0k 
S. , 
430 | M. F. IN (ey 2 © BP inqraunememcs 4B.andS8.|..| None. % 
Neg, 
MST OME DBI. ccc ccccels rcs. a] atcresavoterstoveveists|f ole elelese, srevere:0'0'5)| veyereveiecere e/ie- «| avo: tvore cove oreveserel| oe] ere teren tote eelenetotet |e een alee “ 
Of 
LE. 
432 | F. Neg. itr we |) i Seoeeacaaces 2 Sis. None : 
433 | M. |37| Neg. Nez. ie Ss. s. t 
S. B. 
Asth. 
(cured). 
434 Neg. INGE.) | |'fecckr stem 18%, None. sf. wswisic oye claret ee 
Ss. I 
435 Neg. U. Asth. 3B. andS.|..] None: — |. sssqeeeeeenee Ey 
g’f. Asth. 


HUMAN SENSITIZATION 283 


PATIENT’S HISTORY 


° Results 
ra 
= Cause oe Cause |& e 
© 83 1912 1913 1914 1915 
bo a) 
= Perot 9 sk) | a ee rei MP ed 
L. oH. F R Asth Horse TE seer em ce stobe fotos oi sie oil rovers oval Ghete-etelel| Perste stele Pro. |+++ 
and 
Asth 
Oo ee Vaso U. Neg. to None. Sag face re aN p teaver te A Sictavchoge [eevee aes [ho osc: ell bole ote cad letsas eee Pobeneee mae eterevereee 
Rhinitis. Pollen. 
| CARE 1b, 1385108 R. Bere erat ee cctci set sce rteare tehovssatovel| PSteyecocepell ore arate a] tebe Bsratell ake sic rs,4ftaysstisee | Proved rsa erste 
.- (95S E. H. F. G.P Urtic Unk BS cate te Riv aeyail are oad chaleteror | Mtareia's'|eeneeee Ly St pof=- f= 
S35 E. H. F (Goae Bcc Foo tarsseld create lated cece ei DM enaae Ne orsvaevell exer st ere si | pvexe covaye  teseterevelel|(orstaisierailievereve oye| PIELO! a 
ive 12S R. 
é. asth 
Vij d 3 ial aN GS oh | Maes scceee sales cases 1 Dl eel Peel ease sl eGo s| were inerter Pro. | ++ 
@. Asth. 
- Sea mH. FP. amelie || eeenouensca bap seesoaal | 264 |Aenoddl eaeooc lfdocse bosses Bocana scans |Wetre Bally o m= 
L. H.F 
@. Asth 
ae cca Heeeet. BY. R. Eryth Fish MASA [ie anc [lapses seal cic -eccea] evetbtecoral| eve e aie | encrerero PEO sl atestaot= 
é. Asth. GaP 
oo sage Pulm tbs) ||onea-s2.+4--|) None pe es tere ect ode UP cence ste teucocratee SL ye ere 72 ob Seemnete eal Ses cevecorel leyererarabell Mamersrovm lore eaters 
B. Asth. 
HSER. GSE H. F. and | Pigeon. 
Asth 
NoeEiew hewn pets angrGra Et. Bs vands||(Canary..) |) Ls ifs. <serc.«illeretscice |la\e' 91412) eteiele wrell le cieteveieiflo = sion Pro. || ---- 
Asth. Asth. 
Edema. Unk 
i Her Lette | ee eerie fare, Ae x 1 OA Raed aoeeed loans japon dc GUeron loctens Pro 35 
1901 6 ls R. IN lean cases 1 FPA Reeser (Seanad Rorne! aecocal Memisee iceris cs Pro. } ++ 
é@ Asth 
1A 1 lode R. and G. | Urtic. Unk. EDs ees vas Atk estes reel cise cone sees setters Pro. | ++ 
Eryth. Fish. 
Teal d eed Om R. IN ONG Sty ln Ret heresies 1D5 | Beecsallope.cudloaness| sodacd aamdodloonasc Prot) == 
had 3 ee R. INones mr telis-k o.hrece CEI ESS, 2 rafal lier cess a] DSH orelsiova lees Pro. | ++ 
é Asth. 
ite ane R. ones © “ilewcs.css.s yea Pees eral ceca ccllse epealeeeealembtetealeteerene Pro.| — 
joes ed De R. and G. | Urtie. Fish. EAN Srceya accra arerstecera | sisveTerel| Riaveceaialltoveietelere Pro. | ++ 
ee. is Re Urtie. Unk. L Pro: j! -+- 
105915 al de R. Nones, 2 |Reaaeacee 105 esccicel leao des Onoeed enna! aceane beeoere Pro. | ++ 
Herons 1G. P H. F. and | Horse. DH | econ cet tells a steccl eeyorclayall esastatael| wrasse Phyl.| ++ 
Wel eIg lye R. Asths liek castes Pes | Peers sees ell icicatet Leeuustnltacoscllueeres Pro. | ++ 
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fe) Se ee eS ee 
Z 
2 | yw |e] Relative Diag. Relative Diag. Relative Q, Relative Diag. ) 
<| a/c = 
o |] al< < < 
436 | M. 12) F. E. and L. | U. Urtic Fish.| None. =| Bs #437: E. and L. |19 
HF: H. F. 
é Asth. Straw. Urtic— 
Egg. 
200 lbpds ane 
437 | M. |19] F. E. and L.| U. Urtic Fish.| None. .-| B. #436. E. and L. |12 
Hor: Hon: 
@ asth. Straw. 
2U. Lb HoF. 
438 | F. 138] F. Asth. IN@gs . | 6 Gls sadesecese B. 41) None. |. ||\ss. ceoseeeelee 
U Asth. B. 30 
U L. H.F Ss. 33 
430) R43) Negs 2) ij ccce aoinne Wnkns — )  eeeeeenccicte 4B.andS8.|..| None.  |......0.c2-c) oe seeeeeneenan 
440 | M./10] J. g. ent.— 1 Se wail eapadapaces Ss 5} None. | ...2.000-c)eelceeeeeeee Be 
fish. j 
g.ent.—5 B 3 
fish. 
441 | F. |33) F. Urtic. U. Asth.— None. | Se Eryth.—5 |37 
Unk. fish 
B Asth.— 29 
Unk. 
1 Al 8 I) oP Mother. i. HF Sister. 43) None: —s | s.... 5 se oe ee ee 
é Asth Erythema 
442 | F. | 6] Father. Gastro. fr. sar- 
ent. fr dines. 
clams. Aunt. Urtic. 
Sardines. 
BAZ HAA is oo sore acie Sorell cSiovess eo or natetell everorvs )steteisoceie:ail oleic cra e's as cave erotece-a’eiecesll era] terctoratare rete | 
444 | F. 42) Neg. —>—fnn eee ceneee NOB. - Jacecsececcesfecceccccecios| se] occes occ cee) ele teeeeren tte eee 
445 | F. |25] Aunt. L.H.F ING@Pi OO lbainecieesseet acssee comaeelen Bro L. H. Is. 7) 2e|heeeeeeee 
4460) MS 45) Nees | Hidecsis smeiere = Neg, —«-_— nnn scccsciefescciecceieece| se |e cece clelteee eet eee Eee mE 
447 | M. |27| Neg IN Cl ee |) Edgecacooonced scconnenases 1 Bro None. iss. sbaeeeenlee 
448) F129) Neg. | sewereiecives.e Mother. E. H. F 2 Bro 22| None. —s_ |... asceetleeiies 
& 
26 
A4QNNIME ST eNeg:  —  iseinc- nies INGE WE Mibelloscc een 5 Sibs. None. —_[cnacnioteeeelee 
A500 OMe HASIP Neg. Ul oe ciccicrcrcislereie INO > GP) Wile .ckeeene 4 Sibs. 42]... acciare ote toiciel| eet ee eerete ae 
52 
None 
A510 Nees 9 lesrenc.ceiciecse Neg: le Pyileeccscerene 1 Sis. ..| 1 Sis. 18(5 30: 60 


452 | M. |15 
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2, 1912 1913 1914 1915 

< Beas Bids) | 

5 Kamm fo | Reape Grcecarorteral seats esac Phyl. |+++ 
1 eg ce aonooesse posceecaas Pro. | ++ 
GP: Urtic. Phyl.| ++ 
R. G. Ent. Pro. | ++ 
Gre, Urtic. Phyl.|++4 
itis" ~ SON Ss aReSBEBSS| SS 0 qSnREDS Db dar GnEnad Oortana Goedecl acBere loadsind ecescadl loceastddl nobooc 
12, CRY IS (iit pee, el |g Sea (nse BRBEIG corel Ocaeee Iboaead 4 ceneel Saccscl occarol abcess 
DER eRen Ma oteiscats elevevsinrall neretererere,erore Pro. |+++ 


Neg. to G. | None. Pro. | ++ 
Pe 
R. 
Gertsp,. |locosens sp neo dosoecceos| =abal |ancaed Bocdon ncoood bosode lbonora londuds ococna lshacan 
R. 
JK. 39| L. H. F. Rais (6b \Sreshetesnel teceTmenee Pro. | ++ 
é Asth. 
E.H.F. | Grass-p 
b=. (See 36] L. H. F. R. Yo aconotonetel |sqenprcere Pro. |++-+ 
Bb: o DERE 41 L. H. F. R. Beare Setters sicisi| ie Avsie wise a Pro.| + 
IK ..|E.H. F. | Grass-p. 
29) Lys LETS Se |e eRe ae |e eee Pro. | ++ 
dK. 2| L. H. F. R. and G. | None. Pro.| + 
@ Asth. 
L. H. F. R. and G. | None. Pro. |+++ 
1 BS am oy Raa Gere ccapararestaste Peete cls Pro. | + 
VAs 5 OF R. and H. F Pro. | ---+- 
E. H. F. Grass-p 
lig det 0 Oe PUAN) OO oh aseics, crane emis aiererelhe Pro. |+++ 
E. H. F. Grass-p 
STORE No R |: (cyarsss;o;eve)er9:0rs'| oretarels = 1057010] erate ora etelstove Phy.} ++ 
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& a 8 eS ee 
Zz 
ry. Relative Diag Relative Diag Relative |g| Relative Diag. o| Relative 
S| & 2 2 ‘ 
453 | M Negs) se. 2sicenos Neg. )/" =lesbeetcecee 6 Sibs. None.=* acc oases Wife. 
2 Child. 
454 | M Nees 8 > 4|Saeeaen eae Nepse Wh Goes tease 9 Sibs None. (4.2662 eee Husb. fan 
2 Child. a - 
455 | M Aunt ASth se pp lions soon | ean emer 3 Sibs. .-| 1 Bro. 13h IDs .-| Wife’s fan i 
(cured). ‘4 : 
Son #3. 
F 
t 
{ 
i 
BB. 
Daugh. | 
456 | M. Neg. 0 | sepiaeecetesee Neg: |ide-cd.cdlecmen so. cecuw a eetallecl] saci smteectal Cee eri is= 1 child. r 
457 A E: H. F INGg:: © (imeem aces. cer eee B. 50| B. *129 Ae 46): cco A 
Ss. 44 
Ss. 42 
S. 36 
458 | F. Negi,” | Utivteensasos M. Urtic—fish | None. -s| None. — | || i...2eeeeeeiee H. 5 r 
isan. No Child . 
UW: ie 1b OF i 
JA. Urtic—fish 
ROM een trecascleercte'l ste teite es aeiee elles amiecinniesicece [nate techs o| Dacieereeiatctebeclloa| Remo acter «2 «| oes aces epee Be eee 
460 | M. F. #273 LAE Neg 
461 | M. U. Asth.- M 
horse. 
462 | F. Nese 8 aess ote Neg 
463 | M. Negi) "A Siczescsacks Neg 
464 | M. F. Asth. Neg 
Ue Asth 
465 | M. Negi. 5 WSenecls-pacce Neg 
BGG MN QB) o-Sisaceaie s.nioail orew.0.yarrereseretell stale esate 0.0.0 S18 ella. crc-e diacw c 6 6:csa) nae 6 Gress 0:0'0,0.8 lo aif acco eloe cloaks | eee eee 
467 | M. Neri © Oe. sue. thea Neg. 
468 | M. U Asth g.f 
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2 Results 
I 
| ping | came | Ste | cou [es 
© ois 1912 1913 1914 1915 
on ao 
< 4 
Sie EL. He. R. and G. | Urtie. Shell ead [eeevarovaral|| Nolan eellycts (c.26 | | araveranel berereiscal Pedete votets Pro. | ++ 
é. Asth. Grass-p. fish. 
ot) L. A. F. R. None) Weraacdcven nen DEA (Er ateton yell vce ete tea operons ll oa pare ke Icke e over] reasons Pro. } ++ 
DMIBESTOM oe firs... 5» ols Gastro-erbs| Meee Valsts ates <y)-3 | leteverere al terol lever =tserel| eratovel veil eperareterel| etetereseomllersterevoe 
Asth. White. 
WAMScEASt RR. lll cs s5c+ s0% Jeba atenolol 18 Yoyy- em acta Cee DSRS esl Coe GRRE | OMRCIAe neve. leslleetsil [te meee 
106 fel de Cpe as Asth 
LS ORC ORES 6) L. H. F. R. Urtic Unk 1 fh aeRO ooaaee |booane Snae eal leacnra saeacel |e eecoka is eo 
and Gak: 
Asth 
B. Asth 
15) E. H. F GaP: Urtic. Shek clad (Sicesall lactoal oe ame dl lmHeael [COboecl nce (erect | epee Leese 
|. CHS Seeaees [ae L.H.F BER Sy euED CL Crspi | etc over se ee avecone ric evstei| | exon lfcaseasste cell alevese ere fevar=r-tokell er steresssel| Mictarsies|leverajeyegei| PeESEO.: + 
+ aio. SRR Fe L. H. F Pepe TNH ella Ne afore shes Sal Phase ceet ole oheaell ees cie lla sigtse fs RSM |s\eal| svat sued] Wvsovertall o anvteca tej erate l eee evel e aoeeerere 
and 
Asth 
WESEENSEY. Av= hw ifs V. motor | Neg to Scobdatansod |pedaechoos saan lsocose ssddde ates osoeue lecancel octane loosen onotcs 
Rhinitis.| Pollen. 
bs ba ORS 1Dy 1B la dae Gare: leig da Horse Beate Nish ore | Rc eee ater acti ret ctl Ennalos 0: 2 ovata cvered alone sv ANel Psi a ats 
bp 13g ds FURAN GE Gre ee AE Scien che Mase | Scocstov cial hove couse | ovr eee Leotede colo osc are etal (ee srsieee Pro. | ++ 
and 
Asth. 
ligy Jal e ReandiGealsNones |) iiiseneee ce: 1 Ce) eenen eee Siracesal eae BARES! Gece Pro. | ++ 
and 
Asth. 
B. Asth. INGO HCO frail | eer po tye rer cee [lene pen cs ccs teysiall ateemlleve orere sil eens etee ich ovav=if lecatetotedall lo ctarciavail atsi o atel| sivercveta iatttet ss 
Pollen 
B. Asth. Neg to INORG, | 5 4 ||lAsaadieSocollsacal|ac0o00||Booddcl |¢ounbal loonedol|aurapal acnomallanooonl lbooboo 
Pollen. 
L. H. F. R. and G. | Urtic Unk. MDivedl| tereterseslerohoks one! | ayorsrstevellecorersthe | berate cael [israreres Pro. |++-++- 
1Dis, LEU 1s 1 ato aaticaain EOS RS cane IS OSmeBs 2c] Oct GRESed| Rekocies| CREers GARG] MeREea! | aeeaaens incre at | ieacer 
lis ISLE 16 LRA ALC | as nes Genie SSA BaAboS MDa oe, ses stones | aerate en iei asf anev sl avetcl| hve, oleterei svete ares Pro. | ++ 
and 
Asth. 
18 8 et ey | Non NIUE ie Saal abedel aekeiel General Gennes Heeeee Pro. |-++-++ 
1G dela ae R INOnes) Ulla: ITE Ah | costae amet kay cta ate, o/lhaseaevepel els cel lf avaaatacs Pro. | ++ 


and 
h ; Asth. 
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} a NEE EEE Eee 
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2 | yw |e] Relative Relative |] Relative 

4|a]e ee 

o mi< es Sl 
AGO A MEAD Tl Oe sccctecc morsel fl cmsiarstecorntatersterll © aocewtnnace ain.e- srecaillolereesie ereberotelers 6B. and §.|:.] None: ||... so. as |e eee Xe 
470s M20) Ace ee Pr. SEN Ete || IN@oS ee nnn cvclatttstereyeretsicts E None. s/s. see ele 
471 | M. |27| Neg. eo ed NRE SS prrceerers c Se + eters spare ae 
472 | M. |29] Neg. : a » | esis se these eee eer i 
47 Sol Matsa Neg.) b B)iccrenretcemieetUNCZa 9) uiictesrscclacvatsrererall lace 5 EE ISG oc col loo 


474 | M. |30) Neg. 


QT OWI MENAL er rrererercteteiere | crarsttietorst<ieteaxs Nae .H.F. 5B. and §&.}.. + |litétererede ee iene ee 


476 | M. |46| Neg. 4B. and §S.|.. 


477 | F. |38] Neg. 


AT8) | Pehl 42| ic canccisdse.cce | natnoe se cierie se Ps (7. \-) >: Sn MnP Ir INS (Sanosccccsschcc sccec P 
479 | M. |43| Neg. . E - »-| Nome’: © pissu.cisisehestenteans 

480) (oe W22tNegs — |escccwcc ccf DNC@Gs 9 © is oc co... o0:s:e lo o:0-0rereinssce elelel| fell aycle/esororelatotptar= I leinte = ete teat ea a 
481 | F. |50} Neg B6.and §S.]..| None. . |;..cesseeeeeiee 


482 


wc cc ccc vccccloc cco ecccccelocsees cesses sssioocccrccesccoiesionssseeem 


483 | F. ; Senge ster, Mapes te bese ea | || ..ececeescs [>see eteeeel ee rn 
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1912 1913 1914 1915 
54/ B. Asth IVE MOM VA Meco ecince teh eance es Sl sc ea eae eden. feo Che N ae 0 neat OE Rea 
pollen. 
15) E. H. F G. P. Tones) abi iraars <a/dcfuraales cna MERA tees.) Teaae IME. nea cee eee 
and 
Asth. 
IDPS ial TR FAD le Grae eerste MAleenmte ery 
and 
Asth 
19} L. H. F ire LER Bl cS AGRE! rcloc Lea bees | ane (eee |. alee eee Ne, Oe 
and 
Asth 
15) L. H. F R. and G. | Urtic. Straw. 
and 
Asth 
30] L. H. F Re Urtic. fish. 
G.P 
Len ee aA ee | 
GaP 
TRIE ETT LA Car Ps ae ee 1 
G.P 
eM eres ce ALS ek ecole tiosfascacatnes oe [Sduccaline teal ecg deel ca Pu Ms, ac 
R. 
LGU C Eee Cee el (ef Se 
Ga 
Date Gl tol iat Seem et | Oro 
Re H. F. and | Horse. 
Asth. 
ASCO SIN In sacuite Seba [> ogc peRee! ac™ 7] nen (Rater ek Oe GRR (1 a I 
Pollen. 
seks EVAN GSN Mey asec e| et get 
E. H. F G. P. 
GR | | east een eC 
R—G. 
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Paternal Maternal Sibs normal Sibs sensitized Othe: 
re) 
Zz 
S| yw |s8| Relative Diag. Relative Diag. Relative Relative Diag Relative 
os | al< 
48h BO\Nets — le neqsecemea Nees ahs eeeeres 1 Bro. 1 Sis. Urt. | |s1)S eae 
1 Bro. 
486 | M.| 4G. F ee G. Aunt. ny te igal 1 Bro. None. ss |.i.. sce se neon] a eee 
Asth g 
F. Gt: A. 1 Bro. \ 
Uncle Gast. Ent. 
from 
Lobster. ‘ 
487)\\ Mi134| INegs 9 0 in. eo. eeirete Neg. jo Uliiececteeees 1 Sis. 1 Bro. Toe Hee Wife. 
1 Sis. Son. 4. 
a Twi 
Sonj 4 me 
488o M42) News Fi ss-csesce~ Nee: | Pee Uileveteceeeees 1 Bro. None. siz. swe Ss oe eae ee ee J 
Sis. i 
489) M18] Neg  Uindce ccs cmicere Negis 0) walisesciceeeeee Sis. None. J saz aces dee oe] eee o 
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In the spring of 1911, the members of the meningitis de- 
partment started to investigate the possible grouping of strains 
of the meningococcus, being led thereto by Torrey’s (1) success 
in demonstrating the division of strains of gonococcus into groups. 
The desirability of some definite knowledge on this point is ob- 
vious. Not only is it of academic interest, but in the preparation 
of anti-meningitis serum, it is of the utmost importance that, if 
the strains differ in their serological reactions and may be classi- 
fied thus, as many groups as possible should be represented. 
Also in view of the large number of strains that may be col- 
lected, it is a great saving of time and media, if the multiplica- 
tion of similar strains may be avoided without lessening the 
therapeutic value of the serum. 

Three methods at once suggested themselves—agglutination, 
opsonic tests, and complement fixation. The agglutination 
method proved unsatisfactory. Not only did the strains differ 
greatly, some agglutinating spontaneously, others at only very 
low dilutions, even with very active immune serum, but the same 
strains varied markedly at different times, even under condi- 
tions that were, as nearly as we could make them, exactly similar. 

We tried both microscopic and macroscopic agglutination 
tests at icebox, room and incubator temperature, finally settling 
on the macroscopic method at incubator temperature. The cul- 
tures were grown on Thallmann agar for twenty-four hours and 
washed off with normal saline. While we spent considerable 
time in studying agglutination, especially in connection with our 
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standardization tests, we did very little work in titrating strains 
against homologous sera as the great variability in agglutination 
encountered by other observers as well as ourselves, showed very 
conclusively the impossibility of using this method in differentiat- 
ing strains from each other where relatively slight but constant 
differences must be depended upon to establish groups. Of 30 
strains tested, 8 showed no agglutination with normal serum. 
The others varied from 1:20 to 1:500 with nornal serum, 4 
showing as good agglutination with the normal as with a poly- 
valent immune serum in which all the strains were represented. 
As a rule, of course, the agglutination with the immune serum 
was at a much higher dilution than with the normal serum. 
With the immune serum, the agglutination varied from 1: 20 to 
1:500. The agglutinability varied markedly from day to day; 
nevertheless, strain 2, which varied rather less than the other 
strains, would one day give an agglutination of 1: 200 and on 
another 1: 100 with the same serum. 

The work in agglutination with the meningococcus has been 
done mainly in an effort to differentiate this organism from 
closely allied gram-negative strains, and to a less degree for the 
purpose of standardizing anti-meningitis serum. 

Goodwin and von Sholly (2) in 1906 found this method fairly 
satisfactory for differentiating the meningococcus from other 
gram-negative cocci in the nasal-pharynx. Absorption tests 
gave even better results. They say, however, ‘“‘“There was a 
great difference in the degree of agglutinability of the cultures on 
different days which made it very difficult to compare results 
quantitatively.” Kolle and Wassermann (3), Krumbein and 
Schatiloff (4), Columbo (5), Baecher and Hachla (6), Blumenthal 
(7), and Arkwright (8) report unsatisfactory results with the 
agglutination tests in identifying the meningococcus. Kutscher 
(9), Dopter (10 and 11) and Wollstein (12) report fairly satis- 
factory results in the differentiation of the meningococcus from 
other organisms. Elser and Huntoon (13) while finding aggluti- 
nation useful in many cases in identifying the meningococcus, 
say, ‘“‘The relatively large number of inagglutinable strains en- 
countered by other observers and ourselves render this method 
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unfit for purposes of identification and differentiation.” They 
also comment on the great variability of the reaction. ‘‘The 
agglutination tests made with the same strains and the same sera 
on different days failed to yield uniform results although the 
organisms were grown on the same lot of medium and under 
practically identical conditions.”” Kutscher found more satis- 
factory results at 55°C. than at 37°C., Wollstein’s tests were made 
at 55°C., Elser and Huntoon found no advantage in using a 
temperature of 55°C. over that of 37°C. 

Opsonic tests were also unsatisfactory. Few strains of men- 
ingococcus are suitable for opsonic work, as most of them either 
show spontaneous phagocytosis or are so resistant that it is 
impossible to use them for this purpose. Of 34 strains tested, 
25 showed very marked spontaneous phagocytosis, 6 moderate 
and 3 slight. When these last 9 strains were tested with im- 
mune serum, they showed so much resistance to phagocytosis 
that they were unsuitable. Moreover, even with suitable strains 
the differences are not well-defined enough to permit of accurate 
grouping. 

Work with complement fixation was begun in the summer of 
1911, using filtered autolysate as antigen. While the study was 
not carried very far, as clinical work interrupted, enough was 
done to convince us that the different strains tended to arrange 
themselves in groups. 

Literature on complement fixation contains little concerning 
the grouping of meningococcus strains.. Citron (14) has re- 
ferred to the application of complement fixation for the diagno- 
sis of epidemic meningitis by Bruch. Citron (14), Kolle and 
Wassermann (3), Wassermann and Leuchs (15), Baecher and 
Hachla (6) and Blumenthal (7) have reported on the use of 
complement fixation in the standardization of therapeutic im- 
mune serum. Others have used the test as a means of differen- 
tiating the meningococcus from other gram-negative organisms. 
Krumbein and Schatiloff (4) found the test specific, i.e., tha 
crossed fixation did not take place with other gram-negative 
organisms, also that the amboceptors did not run parallel with 
the agglutinins. Kraus and Baecher in 1909 found meningo- 
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coccus serum specific with the meningococcus antigen but that 
not every strain makes a suitable antigen and suggested that 
there is probably multiplicity of complement binding bodies. | 
Baecher and Hachla in 1910 repeated this suggestion of the mul- 
tiplicity of complement binding bodies but made no effort to 
divide their strains into groups by it. In differentiating men- 
ingococcus from meningococcus-like strains they found that 
positive results were specific, negative results of no value. Ark- 
wright in 1911 was unable to distinguish meningococcus from 
gonococcus by complement fixation. Wollstein (12) found com- 
plement fixation of value in differentiating the parameningococci 
from normal meningococci. 

It will be seen from the above that while the complement 
fixation method has been used extensively in titrating serum 
and to a slight extent for diagnosis, except for work with the 
para meningococcus no attempt has been made to use it in 
grouping the strains of meningococcus. 

The rabbits for our work were inoculated by 10 intravenous 
injections of live culture administered every third day. The dose 
was increased from one-fourth slant to a whole slant washed off 
with normal saline. The cultures for inoculation were twenty- 
four hour growths in neutral veal agar. 

Antigens for complement fixation tests were prepared as 
follows: 

The stock cultures were carried on ascitic veal agar, neutral 
to phenolphthalein. From twenty-four hour cultures trans- 
plants were made on neutral salt-free veal agar in potato tubes. 
The twenty-four hour growth on these was taken up with large 
swabs and transplanted on neutral salt free veal agar in large 
wide mouthed bottles. The twenty-four hour growth on the 
bottle was washed off with 5 to 10 cc. of sterile distilled water 
according to the amount of growth. The suspension was auto- 
lized at 56°C. for three hours, then passed through paper pulp 
and a Berkefeld filter... The antigen was put in small bottles and 
sterilized at 56°C. for one-half hour for three consecutive days. 


1 The Berkefeld filters used for this work were boiled in sterile distilled water 
until they were neutral to phenolphthalein. 
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The antigens were made isotonic just before use by the addition 
of one part 8.5 per cent saline solution to nine parts antigen. 

The total volume of the test was 0.5 cc., one-tenth that of the 
classical Wassermann test. The anti-sheep system was used; 
cells in a 5 per cent suspension; from one to two units of ambo- 
ceptor, and guinea pig serum for complement in a 10 per cent 
dilution. The system was carefully standardized each day by an 
amboceptor titration. Sensitized cells were used and the read- 
ings of antigen and anti-body content titrations were made the 
next day, after the cells had settled. 

The sera were freshly inactivated each day by heating for 
one half hour at 56°C. 

Antigen and serum titrations were performed according to the 
technique described in Park and Williams Pathogenic Micro- 
6rganisms, 1914, pp. 184-187. The anticomplementary dose of 
antigen was determined by testing decreasing amounts of anti- 
gen (0.4, 0.3, 0.2, 0.1, 0.05 cc.) in various dilutions. The anti- 
gen unit, by which is meant the smallest amount of antigen 
that gives complete inhibition of hemolysis with about two units 
of homologous immune serum, was obtained by testing decreas- 
ing amounts of antigen (0.25, 0.2, 0.15, 0.1, 0.05, 0.025 cc.) with 
0.01 ec. of serum. The anticomplementary property of the 
serum was tested in 0.04 cc. and 0.02 cc. of undiluted serum. 
The antibody unit, by which is meant the smallest amount of 
serum that gives complete inhibition of hemolysis with about 
two units of homologous antigen, was obtained by testing de- 
creasing amounts of serum (0.02, 0.01, and of a 10 per cent 
dilution 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.08, 0.02, 0.01 cc.) 
with about 0.1 cc. of antigen. 

The work on the differentiation of meningococcus strains was 
begun with neither antigen norserum standardized. A _ poly- 
valent antigen of all the strains was made and standardized with 
0.01 cc. of serum from a horse immunized against all the strains. 
The polyvalent horse serum was then titrated with one and a 
half units of this polyvalent antigen and from one and a half to 
two units of the polyvalent horse serum were used in standardiz- 
ing all the monovalent antigens. Each monovalent antigen was 
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titrated in several dilutions to obtain the antigen unit. 
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From 


one and a half to two units of the monovalent antigen thus stand- 
ardized were used in standardizing its homologous immune 
serum. Any antigen so poor that double this amount was anti- 
complementary was discarded and not used for serum titra- 


TABLE 1 


Antigens of twenty-two strains titrated against sera of various strains 


ANTIGEN STRAINS 


———————————— ra a a ee 


IMMUNE SERA OF GROUP I 


IMMUNE 


SERA OF 
IMMUNE SERA eae 


OF GROUP II LAR 
STRAINS 


IMMUNE 
SERA OF 
ODD STRAINS 


1} 3] 4} 7] 20) 22) 23) 24] 28) 10} 11) 13] 14] 16] 18] 2 | 12) 27) 6 | 29) 15) 17 


+\+\+)+|+|+/+|+|+ 
+|+}+|+|+)+/+|+|+ 
+|+|+)+|+ 


F++F++++ 
FEE ETEH 
FH++Pt++et 
Fe++e+++et 
ee 


-++++ 


+ Denotes complete inhibition of hemolysis in as small an amount of antigen 
with heterologous as with homologous serum. 

+ Denotes complete inhibition of hemolysis, but not in so small an amount of 
antigen with heterologous as with homologous serum. 

— Denotes incomplete or no inhibition of hemolysis. 
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tions. Serum was also titrated in a sufficient number of dilu- 
tions (1 in 10 and 1 in 100) to determine the anti-body unit. 
From one and a half to two units of serum (diluted so that 0.01 
ee. contained that amount) were used in making the antigen 


TABLE 2 
Immune sera of twenty-four strains titrated against various antigens 


ANTI- 
iecu-| (GENS 
OF ODD 


LAR 
STRAINS STRAINS 


ANTI- 
ANTIGENS OF 
ANTIGENS OF GROUP I GROUP II 


SERUM STRAINS 


1/|3|4 17 | 8 | 19) 20} 22) 23] 24) 28) 9 | 10) 13) 14) 16) 18) 2 | 12) 27) 6 | 29) 15 
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3 Ie ELE] AIEEE] |= |4+]#/+]-|-|— 
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7 Ee Haskell! el Si Sleie = 
8 +} oe |e = (| —f |} —|— = 
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24 +]+ +|+ =) |+]+]-|- 
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18 telat lat lot ae late lealalan lan 
2 —|— ~ —|—} |-|-|-|+]-/-/-|-|- 
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+ Denotes complete inhibition of hemolysis, in approximately the same 
amount of serum with homologous and heterologous strains. 

+ Denotes complete inhibition of hemolysis but not in so small amount of 
serum with heterologous as with homologous strains. 

— Denotes incomplete or no inhibition of hemolysis. 
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cross titrations. The specificity of the antigens was tested by 
titrating against a known positive gonococcus serum with prac- 
tically negative results. 

Rabbits were immunized against 40 strains of meningococcus 
but the cross fixation work was carried out completely with only 
29 of these strains. Each antigen and each serum were titrated 
against all the strains in several dilutions until the smallest 
amount of both antigen and serum that gave complete inhibition 
of hemolysis was determined. ‘Table I gives the results of the 
antigen cross titrations and table 2 the results of the antibody 
content titrations. 

Of the 29 strains of meningococcus tested, 14 fell into one 
group, 8 into another, 2 cross fixed with each other only by 
both antigen and serum titrations, 2 did not fix with any other 
strain and 3 acted irregularly. Strains 1, 3, 4, 7, 8, 19, 20, 21, 
22, 23, 24, 26, 28, 34, cross fixed with each other, forming Group 
I (tables 1 and 2). Strains 9, 10, 11, 18, 14, 16, 18, 32 cross- 
fixed with each other, forming Group II, but antigens 9, 10, 16 
of Group II fixed some sera of Group I. Antigen titrations 
only of strains 21 and 26 were made against other single strains, 
as the rabbit sera of these strains lost their anti-body content 
before serum titrations could be performed. ‘These strains were 
not included in an antigen made of 6 strains (3, 21, 10, 18, 2 and 
12). The sera of these strains (21 and 26), however, gave fixa- 
tion with this polyvalent antigen and the antigens of these 
strains fixed all the sera of Group I, hence, we concluded that 
these strains belonged to Group I. Antigens of strains 6 and 29 
gave fixation with their homologous sera only and sera 6 and 29 
gave fixation with their homologous antigens only. Antigens and 
sera of strains 15 and 17 cross fixed with each other. Strains 2, 
12 and 27 acted irregularly. In the antigen titrations of these 
strains cross fixation occurred with the sera of Group I; but the 
immune sera of strains 2, 12, and 27 fixed complement with their 
homologous antigens only. 

Sera of twelve strains 1, 3, 4, 7, 8, 19, 20, 21, 23, 24, 26, 28 
of Group I, seven strains 9, 10, 11, 138, 14, 16, 18 of Group II, 
the irregular strains 2, 12, 27, the odd strains 6, 29, 15, 17 and nine 


GROUPING OF MENINGOCOCCUS STRAINS 315 


unidentified strains 31, 32, 33, 34, 36, 37, 38, 39, 40 were 
titrated with a polyvalent antigen consisting of strains 3 and 
21 of Group I, 10 and 18 of Group II, and the irregular strains 2 
and 12. The relationship of strains 6, 15, 17, 27 and 29 had 
not been determined at the time this antigen was made or they 
would have been included. These strains alone gave no fixation 
with the antigen, but our later work demonstrated that they were 
not related to any of the strains included in the antigen. 

An antigen of nine strains consisting of strains 3 and 28 of Group 
I, 10 and 18 of Group II, 2, 12 and 27, which acted irregularly, 
6 and 29 which were not related to any other strains, was made 
and tested against all the sera that we knew had not lost anti- 
body content and also against the strains that were not in- 
cluded in the cross-fixation work. All sera tested with this 
antigen gave complete fixation. 

As stated above, the monovalent antigens were standardized 
with the polyvalent immune horse serum for the serum cross 
titrations, which were made before the antigen cross titrations. 
We found after we had done the antigen cross titrations, that the 
antigens gave a much longer range of fixation with their homo- 
logous immune rabbit serum than with the polyvalent horse 
serum. It seems, therefore, that so much antigen was used in 
the serum cross titrations that a group reaction occurred. ‘This 
may explain why a more distinct differentiation of strains was 
_ obtained by means of antigen titrations than by means of anti- 
body content titrations. 

Complement fixation is such a delicate method of differentiat- 
ing strains of an organism that it is difficult to obtain absolutely 
consistent results. The age and anti-body content of a serum, 
the range of the antigen, the strength of the complement, the 
interval between the completion of the test and the reading of 
it, the temperature of the ice-box, and the frequency of stand- 
ardization of sera and antigens are factors that greatly influence 
the test. 

Had this piece of work been performed with sera not more than 
three months old, the results would have been more satisfactory, 
The differentiation by both anti-body content and antigen titra- 
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tions was much more distinct with the fresh serum. As the sera 
became older, many of them lost their specific anti-bodies, while 
the reaction with the heterologous strains remained about the 
same, e.g., the anti-body unit of immune rabbit serum of strain 14 
(rabbit No. 814) one month after the rabbit was bled was 0.0005 
ec.; with the heterologous antigens the unit was 0.004 ec. Ten 
months after date of bleeding the anti-body unit of this serum 
was 0.004 ec. with both homologous and heterologous strains 
and the serum was useless for differentiation purposes. It is 
equally difficult to work with serum and antigen of low titre for 
they seem to give more non-specific reactions than those of high 
titre. To obtain absolutely consistent results, it is also necessary 
that both serum and antigen should be standardized each day 
before use, as serum loses anti-body content in time and both 
antigen and antibody unit vary with different complements. It 
was impracticable to make such frequent standardizations, as 
we worked with so many strains. Much better results can be 
obtained if only 10 or 15 strains are differentiated at a time. 

A constant amount of complement should be used in this test. 
While the standardization of the system by an amboceptor 
titration is satisfactory for diagnostic tests, we feel sure that 
in cross titration work better results can be obtained if comple- 
ment of uniform strength is used. 

The readings were nearly all made from eighteen to twenty- 
four hours after completion of the test, during which time the 
tests were stored in the ice-box. The reaction was the same 
whether the readings were made within eighteen or twenty-four 
hours, while a variation of the temperature of the ice-box affected 
the test. During hot months it was found inadvisable to do such 
work and when it was done readings were made immediately 
after completion of the test, before the cells settled. Tubes 
not easily read were centrifuged for three minutes. 

A study of the history of the strains proved that the clinical 
history of the case has nothing to do with the grouping (table 3). 

Strains causing severe reactions in rabbits—it being necessary 
to try several rabbits before one could be found that could be 
immunized—were: 


Group 


Group 


2 
12 
27 


Group 


6 
29 
15 
17 
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TABLE 3 


History of strains 
1G 


. Isadore (Rockefeller). 

. Patpos (Rockefeller). 

. Rosenstein (Rockefeller). 

. Pittsburg (Rockefeller). 

. Glattmann (Rockefeller). 

. Fessenberg, recovered. 

. Da Vito, severe case; chronic hydrocephalus; death. 

. Fleisher, moderate case; recovered. 

. New Rochelle; sent in from New Rochelle; case not seen. 

. John Carmody; severe case; meningococcic meningitis, cleared up; later 


pneumococcic meningitis developed and child died. 
. Ercolino, mild case; recovered. 


. Coffey, severe case; chronic hydrocephalus and death. 
. Corsair, sent from Philadelphia. 
. Brier, mild case; recovered. 


TT. 


. Harris (Rockefeller). 
10. 
11. 
13. 
14. 
16. 
18. 
one 


Windsor (Rockefeller). 

Messner, severe case; recovered, with deafness. 
Carbonetti (Bessie); severe case; recovered. 
Schwartz, severe case; died. 

Vanaria, moderately severe case; recovered. 

Pereive, fluid sent in from outside. 

Gardi, died. Did not receive anti-meningitis serum. 


Til. 
An irregular group, closely allied to Group I. 
. Gouveneur (Rockefeller). 


. Frances, severe case. died; complicated with pneumonia. 


. Ferranti, moderately severe case; recovered. 


LV: 
A miscellaneous group, the strains of which do not cross-fix with any other 
strains. 15 and 17 cross-fix with each other. 
. Andredakis (Rockefeller). 
. Depalma, seen late; recovered with two injections. 
. Lindhard, severe case; blindness; chronic hydrocephalus; death. 
. Burleigh, (?) hospital case. 


1, 2, 7, 16, 18 and 24; 1, 7, 24 are in Group I, 16, 18 are in 


Grou 


p II, 2 isin the irregular Group. No relation exists between 


virulence and grouping. Neither is there any relation of group- 
ing to the length of time that the strains had been isolated. 
Group I contained oldest and newest strains. 
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The subject of the parameningococcus has received consid- 
erable attention in France for the last few years owing to the 
work of Dopter (10 and 11), Menetrier (18) and others. This 
work has been done along both clinical and laboratory lines. 
Cases suffering from meningitis that did not respond to the 
ordinary anti-meningitis serum improved under the use of a 
parameningitis serum prepared by Dopter in 1912. Dopter in 
1911 in studying the so-called para meningococcus, found that 
he could not differentiate these strains from normal meningo- 
coccus by using them as antigens with polyvalent horse serum, 
but that they could be differentiated by the serum of patients, 
as the sera of patients suffering from meningococcic meningitis 
did not fix a parameningococcic antigen, and the sera of pa- 
tients suffering from parameningococcic meningitis did not fix 
with a meningococciec antigen. 

Wollstein (12) in 1914 published a very careful study of the 
parameningococcus in which she arrived at similar conclusions 
using the sera of rabbits immunized with single strains of men- 
ingococcus and parameningococcus instead of the sera of pa- 
tients. She concludes, ‘‘The parameningococci of Dopter-are 
culturally indistinguishable from true or normal meningococci, 
but serologically they exhibit differences as regards agglutina- 
tion, opsonization, and complement deviation.” 


By the agglutination method strains 7 and 42 are classed by 


her as para-like strains. She did not give the results of com- 
plement fixation with these strains. In our work it was found by 
complement fixation that strain 7 fell in Group I and strain 42 
in the irregular group allied to Group I. 

As transplants of two Dopter parameningococcus strains, 
P. L. and P. M., were kindly given us by Dr. Wollstein, we were 
enabled to test them against our strains. We found antigens of 
P. L. to react with homologous serum only, antigens of P. M. to 
react with the sera of Group II. 

Now if the parameningococcus is to be separated from the 
normal meningococcus by serological reactions and if agglutina- 
tion and complement fixation yield different results with the same 
strains, the question is indeed a perplexing one. With the 
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method used by us, the results yielded by the complement fixa- 
tion test have been fairly uniform and specific. The tests have 
been repeated many times and have, on the whole, checked up 
very satisfactorily. By this method the strains have fallen 
into various groups, containing a varying number of strains. 
Shall we call all the strains except those in Group I, para strains 
or shall we call them simply groups of normal meningococci? 
The question is purely academic, yet it is of some importance 
since the employment of the term ‘‘para’’ differentiates the 
strains more than seems justifiable. It is, perhaps, better 
therefore to classify them as belonging to a group codrdinate 
with other meningococcus groups. 
Wollstein further concludes: 


Because of the variations and irregularities of serum reactions ex- 
isting among otherwise normal strains of meningococci, it does not 
seem either possible or desirable to separate the parameningococci 
into a strictly definite class. It appears desirable to consider them as 
constituting a special strain among meningococci, not, however, 
wholly consistent in itself. 


This conclusion we would heartily endorse. 


CONCLUSIONS 


By means of complement fixation the meningococcus may be 
clearly differentiated from allied organisms. A differentiation of 
individual meningococcus strains is possible by the use of re- 
fined technique but the relationship of strains is so close that it is 
dificult to obtain absolutely clear cut and consistent results. 
Of the 29 strains studied by us, 14 seem to form one group and 
8 a second group. Three seem to be closely related to the first 
group but have acted so irregularly that they cannot be classed 
with it, 2 have shown a relationsip with each other only and 2 
have shown a relationship to no other strain. 
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In recent years, considerable evidence has accumulated which 
proves that bacteria can be cultivated from the unexposed tissues 
of the body, especially the lymphatic glands of normal men and 
the usual laboratory animals. In contrast to these findings, it 
was formerly assumed that the unexposed tissues of the body are 
sterile. Absolute freedom of the internal viscera from bacteria 
would constitute a rather remarkable relationship to our bac- 
terial environment. When we consider the intimate contact of 
bacteria with skin and more especially the mucous membrane of 
the alimentary tract, it would be rather unexpected that these 
structures should form an absolute barrier against the entrance 
of bacteria. Consequently, it is not surprising to find a fairly 
definite flora present in the interior of the body under normal 
conditions. The relative ease with which bacteria may be cul- 
tivated from normal tissues naturally becomes very significant 
in the search for the etiologic agent of an infectious disease, es- 
pecially when we consider how many diseases there are in which 
the etiologic agent has been established but in which it has not 
yet been possible to fulfill Koch’s postulates. The organisms of 
the normal lymphatic glands have added greatly to the difficulty 
of determining the significance of the organism described by 
Negri and Miereme (1) and by Bunting and Yates (2) in Hodg- 
kin’s disease. In the present paper, I wish to report the results 
of bacterial cultures made from human spleens and to discuss 
especially an anaerobic bacillus which was found. The work is 
of interest largely on account of the relationship of this organ- 
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ism to the bacillus that has rcvently been described in typhus 
fever. An article which attracted wide attention in the past 
year is the report by Plotz (3) and his associates on the etiology 
of typhus fever. Plotz described very carefully an extremely 
interesting bacillus and presented evidence regarding its etiologic 
relationship to typhus fever, more especially by serologic reac- 
tions since it was impossible to fulfill Koch’s postulates with this 
organism. In addition to the collection of a large amount of 
positive evidence, Plotz also carried out an extensive series of 
control cultures in conditions other than typhus (198 cases) and 
also in typhus cases after convalescence. The results were very 
interesting; the bacillus found in the acute stage of typhus fever 
was not recovered in any of these controls. 

In searching for bacteria in the body, under normal conditions 
it is much easier to obtain them from the lymph glands and the 
viscera than from the circulating blood. During the past two 
years, I have had an opportunity of making cultures at the Mass- 
achusetts General Hospital, upon spleens removed on the surgi- 
eal service. The majority of these splenectomies were performed 
for pernicious anaemia. The routine of the bacteriological ex- 
amination was as follows. After thoroughly searing part of the 
surface of the spleen, a fairly large piece of splenic tissue was cut 
out under aseptic precautions. Small pieces of this, 3 to 5 mm. 
square, and 2 to 3 and sometimes 5 mm. in thickness, were used 
for inoculation. The following media were employed, litmus 
milk, blood agar (using 1 part of agar to 1 part of human blood), 
citrated blood (using 1 part of human blood to 4 parts of 2 per 
cent sodium citrate in normal salt solution), bile broth (4 per 
cent sodium glycocholate in ordinary bouillon 4 per cent acid), 
Ficker’s brain medium (4), Dorsett’s egg medium, and glucose 
(2 per cent ascitic agar; ordinary agar, 2 per cent glucose agar, 
and 7 per cent glycerine agar. ‘The media containing blood were 
incubated aerobically at room temperature for the possible de- 
velopment of protozoa; the cultures remained sterile. The lt- 
mus milk, Ficker’s and Dorsett’s medium and the glucose ascitic 
agar were incubated both aerobically and anaerobically. Es- 
pecial attention was given to the litmus milk, usually a dozen 
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tubes were inoculated, eight of which were incubated anaerob- 
ically and four aerobically. The plain agar, the glycerine and 
glucose agar were used as controls for ordinary contaminations 
and secondary invaders and were incubated aerobically. 

Comparatively few of the spleens proved to be sterile. In the 
accompanying outline, table 1, I have mentioned only those 
media upon which growth occurred. 


TABLE 1 


Showing the results of cultures from spleens 


SERIAL 


NUM- DIAGNOSIS RESULT 
BER 
1 Pernicious anemia Micrococcus from bile tubes 
2 | Pernicious anemia Sterile 
3 Pernicious anemia Micrococcus from bile and milk tubes 
4 | Pernicious anemia Micrococcus from bile and milk tubes 
5 | Simple hypertrophy Sterile 
6 | Pernicious anemia Anaerobic bacillus from milk tubes 
7 | Infantile primary spleno- 
megaly Sterile 
8 | Pernicious anemia Anaerobic bacillus from milk tubes* 
9 | Pernicious anemia Sterile 
10 | Pernicious anemia Anaerobic bacillus from milk tubes 


* One of the milk tubes also showed a micrococcus. 


In all of these cultures, it is noteworthy that no definite diph- 
theroids were obtained. This result is suggestive of a difference 
in the flora of the spleen and lymphatic glands. 

No growth occurred in any of the tubes of plain agar or of 
glucose or glycerine agar. None of these were incubated anaerob- 
ically, but it is extremely unlikely that the anaerobic bacillus, 
found in three cases, would have developed since, even upon sub- 
inoculation, it would not grow upon these agar media without 
enrichment with body fluids and it was not obtained by direct 
inoculation from the spleen into ascitic glucose agar containing 
a piece of tissue (this tissue being furnished by inoculation of a 
rather large piece of the spleen under examination). 

The micrococcus appearing in cases 1, 3 and 4, grew out both 
aerobically and anaerobically, but only in fluid media; namely, 
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bile and milk. On subinoculation, however, it grew freely on 
glucose agar but scantily indeed, upon plain agar. No attempt 
was made to establish the identity of these three cultures of 
micrococci to one another. They differed definitely, however, 
from the ordinary staphylococcus aureus and albus and from six 
strains of micrococci isolated from the air. Culturally, the most 
important characteristic was the necessity of using glucose agar 
to obtain a good growth. Morphologically, the organisms were 
distinctly pleochromic. ‘This characteristic was seen very well 
with either methylene blue or Giemsa’s stain. The prepara- 
tions stained with methylene blue, frequently showed small 
clusters of six or eight organisms, perhaps half of the organisms 
staining a solid, uniform color, while the others would stain only 
at the periphery appearing just as blue rings, some faintly and 
some deeply stained. 

Tests for complement fixation were carried out with the micro- 
coccus from Spleen IV, against the sera of cases of pernicious 
anaemia and normal sera. As further control, antigens were 
made from a Gram positive coccus obtained from the air and also 
from the gonococcus, in order to have a representative of the pus- 
forming cocci. The routine employed for complement fixation 
was the same as that described later in connection with the work 
on the anaerobic bacillus. 

Complement fixation occurred in four or five cases of perni- 
cious anaemia and complete haemolysis resulted in five control 
cases. However, the same results with equally strong reactions 
occurred with the antigens prepared from the coccus from the 
air, whereas, with the gonococcal antigen, the same cases were 
positive and the reactions were even strong in two instances. 
The Wassermann reaction in these cases, using a cholesterinized 
human heart antigen, was also positive at this time, though 
previous y, it had been repeatedly negative. Specific venereal 
disease could be excluded with reasonable certainty except for a 
possible question of syphilis in one of the splenectomized patients. 
Clinically, the most important feature which might bear upon 
these results, is that the four cases giving positive fixation reac- 
tions, had been splenectomized from four to eight months pre- 
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viously, whereas, the one case giving a negative reaction had not 
been splenectomized. Furthermore, upon repeating these tests 
six weeks later, the reactions were negative in all instances to all 
of these four antigens. One of the patients, who was subse- 
quently followed for several months, showed reactions that 
fluctuated from negative to strongly positive. 

The anaerobic bacillus occurring in three cases, is of interest, 
both from its possible causative relationship to pernicious anae- 
mia and from its striking resemblance to the organism found by 
Plotz in typhus fever. This bacillus appeared only in the tubes 
of litmus milk, incubated anaerobically. Growth appeared usu- 
ally in three to five days, though sometimes, it was delayed until 
the tenth or fourteenth day. The litmus was either acidified or 
decolorized and the protein was precipitated but without the 
formation of a clot. Of eight or ten tubes, inoculated in this 
way from each case, there were always two or three in which no 
growth could be found Usually no change occurred in the 
milk unless bacterial growth developed. In some instances, the 
splenic tissue caused a precipitate of the proteins but without 
acidification. After a month, negative cultures were discarded. 

Of all of the aerobic cultures of litmus milk, there was but one 
tube showing the development of the bacillus that usually ap- 
peared only in the anaerobic cultures. On subinoculation, no 
growth could be obtained except under anaerobic conditions 
equally as strict as those required by the cultures developing 
from this same spleen in the tubes placed in an anaerobic jar. 
Consequently, although the tube was not placed in an anaerobic 
jar, it does not seem possible that this development occurred 
under aerobic conditions. Theobald Smith (5) at the time that 
he introduced this method, emphasized the possibility of obtain- 
ing a high grade of anaerobic conditions in an open tube by the 
use of a piece of tissue. In considering the frequency with which 
this organism occurred in the cases of pernicious anaemia, there 
is one feature that should be emphasized. The examination of 
the cases in table 1 covered a period of two years with an interim 
of eight months between cases 5 and 6, the first anaerobic bacil- 
lus being found in case 6. Although the same routine examina- 
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tion was followed throughout all the entire period, still it is not 
unlikely that this bacillus was overlooked as it was not searched 
for specifically. Consequently, neither the positive nor the nega- 
tive cases from 1 to 5 inclusive, are of quite the same value as 
the subsequent ones. Of the five cases, then, in which syste- 
matic examination was carried out for this bacillus, it was found 
in three of four cases of pernicious anaemia, one case of perni- 
cious anaemia and one control case being negative. 
Unfortunately, I obtained no data in regard to the relative 
numbers of these organisms in the spleen; consequently, there 
is no evidence at hand to determine whether this organism had 
colonized and was multiplying or whether it was merely filtered 
out from the blood by the spleen. The estimation of the number 
of these organisms in the spleen is not easy, for it grows with dif- 
ficulty even on subinoculation and in the original isolation from 
the spleen, it has so far grown only in fluid media. Although a 
certain proportion, about one-fourth, of the tubes of milk re- 
mained sterile even when inoculated with large pieces of tissue, 
still it is entirely possible that the organisms may have been 
present in fairly large numbers... It is not unlikely that only a 
small proportion of the organisms develop, for the splenic tissue 
while providing excellent anaerobic conditions may, neverthe- 
less, have restrained the growth of these bacteria. There is 
perhaps, some indication for this view in the fact that subcul- 
tures grew readily on glucose ascitic agar but inoculations of 
infected splenic tissue failed to give growths on this medium. 
Another illustration of the restraining influence of body fluids 
was found in the use of hydrocele fluid of high specific gravity 
(1.025). Growth took place much more readily when a few 
drops (3 ec.) of this fluid were used with 20 cc. of glucose agar, 
than when large amounts (7 cc.) were employed. With the 
larger quantity, good growth took place though the first appear- 
ance of growth was restrained for several days (three to five) 
after it had appeared in the tubes containing only a little hydro- 
cele fluid. Tissues fixed in Zenker’s fluid and stained by the 
Gram-Weigert method did not show any definite micro-organisms. 
Cultures of the bacilli from Spleens VI, VIII and X showed 
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no pathogenicity for lower animals. Rabbitswere inoculated 
intravenously and mice, rats and guinea pigs were inoculated 
intraperitoneally without the production of any noticeable effect. 


DESCRIPTION OF ANAEROBIC BACILLUS 
Morphology and staining properties 


In young cultures, this organism is a small short bacillus, 
moderately blunt at the ends and non-motile, measuring usually 
1 to 1.5 microns in length. The individual organisms do not 
vary much in size and shape until the cultures become old. 
Then distinct pleomorphism appears; many coccoid forms are 
found and occasionally some forms appear that slightly suggest 
the diphtheroid group. Young cultures are stained readily and 
uniformly with the ordinary aniline dyes and very intensely 
with Gram’s stain. Smears from cultures were stained for three 
minutes with anilin-gentian violet and, without rinsing in water, 
were washed for one minute with Gram’s iodine; they did not 
decolorize after fifteen minutes washing in 95 per cent alcohol. 


Cultural characteristics 


The organism requires anaerobic conditions for its growth 
and develops best on media that have been enriched with body 
fluids or tissues. No growth occurs, either aerobically or anaerob- 
ically on ordinary litmus milk or on broth or agar, either plain 
or with the addition of glucose or glycerine. Excellent growth 
occurs in tubes of litmus milk containing a piece of tissue (rabbit 
kidney or spleen) and placed in an anaerobic jar, or in deep glu- 
cose ascitic agar tubes even without any further measures for 
removing the oxygen. Growth in these tubes extends upward 
to within 2 cc. of the surface, without gas production, but with 
the formation of acid and intense clouding from the precipita- 
tion of the proteins in the medium. No growth was obtained on 
the blood agar using the triple N medium of Novy, MacNeal 
and Nicolle, substituting human for rabbit’s blood. On Dor- 
sett’s egg medium, a scanty growth occurred which soon died out 
on subinoculation. A strain of the Plotz bacillus behaved in a 
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similar manner on Dorsett’s medium. This bacillus, therefore, 
in its morphology, its staining reactions and in its cardinal cul- 
tural characteristics does not differ from the organism discovered 
by Plotz in typhus fever. 

The anaerobe from spleen X was killed by heating for fifteen 
minutes at 55° C. 

The next point that was taken up was the significance of these 
anaerobic cultures from the spleens of cases of pernicious anaemia. 
As a preliminary step, it was, of course, necessary to determine 
the relationship of these three strains to each other. The rela- . 
tionship to the Plotz bacillus, however, is a much more interest- 
ing feature and also offers valuable information in establishing 
the position of these cultures from the spleen. Accordingly, a 
detailed comparison was made of these three strains of anaerobes 
with each other and with the typhus organism both in regard to 
their fermentation of various carbohydrates and in regard to 
their serological reactions. 

In the absence of Dr. Plotz in Serbia, Dr. Libman of the Mount 
Sinai Hospital in New York, very kindly furnished a strain of 
the Plotz organism. In his report on typhus fever, Plotz and 
his associates described in detail, the behavior of his organism 
yn various carbohydrates and its serological reactions. Accord- 
ingly, I have used these same carbohydrates and have performed 
serological reactions with human blood serum in a variety of 
diseases and with the serum of rabbits immunized against these 
organisms. 

The cultures on carbohydrates were carried out as described 
by Plotz 3 per cent agar faintly tinted with litmus being used, 
with an acidity of 1 per cent N acid to phenolphthalein, with 2 
per cent of carbohydrate and with one part of ascitic fluid to 
three parts of agar. The cultures were incubated usually for 
six days and occasionally for eight days when the growth was 
late in appearing. Unfortunately, with the same strain of bacil- 
lus and the same carbohydrate, the results, in some instances, 
varied somewhat. It seems that the result depended, in part, 
upon the luxuriance of growth that was obtained and this, in 
turn, varied with different specimens of ascitic and hydrocele 
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fluid. Some difficulty was experienced in making up 2 per cent 
of inulin in 3 per cent agar. The inulin was made into a thin 
paste in cold water and this was stirred gradually into the hot 
agar (100°C.). Solution appeared to be complete but a precipi- 
tate subsequently occurred during sterilization. 

The fermentation tests showed that one of these bacilli from 
pernicious anaemia differs slightly from the other two and that 
none of the three coincide fully with the Plotz organism in their 
behavior on carbohydrates. Of the ten that were tested, pro- 
duction of gas did not occur in any instance. Fermentation— 
with the production of acid in sufficient amount to cause pre- 
cipitation of the protein in the medium occurred in the following 
instances, glucose, maltose, galactose, and mannite, and occa- 
sionally a faint precipitate with lactose. The strain of culture 
from Spleen VI gave a faintly acid reaction in three of nine cul- 
tures on lactose. The fermentation of mannite constitutes a 
definite exception to the fermentation reactions of the Plotz 
bacillus. The cultures from Spleen VI and Spleen VIII grew 
well on mannite and fermented it rather easily with the pro- 
duction of acid and a well-marked precipitation of protein. 
With lactose, however, there was not much difference between 
these organisms and the bacillus found in typhus fever. The fer- 
mentation of this sugar was, at most, very slight and usually it 
did not occur at all. In this connection, it is of interest that 
although Plotz found no fermentation by any strains of his or- 
ganisms growing on litmus lactose ascitic agar, still, slight fer- 
mentation occurred in litmus milk. This, however, does not 
necessarily mean that the lactose of the milk was fermented, since 
Plotz’ organism ferments galactose very readily. One possible 
source of galactose in milk would be the splitting of the lactose 
by slight bacterial fermentation before sterilization of the milk 
was effected. In this connection, it should be noted that B. 
typhosus does not split lactose but does slightly acidify litmus 
milk. 

Turning to the carbohydrates that are not fermented by 
the bacilli from the spleen, we have the following: saccha- 
rose, arabinose, raffinose, inulin and, in most instances, lactose. 
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Of this list, it should be mentioned that growth was secured on 
all these carbohydrates although no fermentation resulted. Con- 
siderable difficulty was experienced in obtaining growth on raf- 
finose, arabinose and inulin and, at best, the growth was always 
scanty. Growth took place readily on saccharose and not much 
difficulty was experienced with lactose or dextrine. The three 
strains of bacilli from the spleen agree rather closely with each 
other and their principal difference from the typhus bacillus lies 
in their reactions on inulin and mannite, the typhus organism fer- 
menting inulin and not mannite while the reverse is true with 
two of these cultures from the spleen. However, the strain 
from Spleen X does not ferment mannite and differs from the 
Plotz’ bacillus only in its failure to ferment inulin. In this con- 
nection, I wish to explain that the technique of the proper prep- 
aration of inulin and the cultivation of the Plotz’ organism on 
it was very difficult for me. In fact, the typhus organism is 
extremely capricious in its growth and Plotz deserves great credit 
for establishing a practical method for its cultivation. But even 
when working with a strain of the typhus organism, I was unable 
to secure clear cut fermentation of inulin. 

None of these cultures from the spleen coincide exactly in 
their growth on carbohydrates with the typhus bacillus. The 
differences, however, are not greater than occur, for example, in 
different members of the species B. diphtheriae or B. dysenteriae. 
So far as the fermentation tests go, then, if we interpret them in 
the light of the findings in diphtheria and bacillary dysentery, 
we must conclude that these organisms from pernicious anaemia 
and from typhus fever are very intimately related members of 
a single group of bacteria—that they are varieties of a single 
species. 

In the serological work, agglutinations and complement fixa- 
tion tests were performed. In carrying out the agglutination 
tests, one is at a disadvantage on account of the tendency that 
some of these cultures show to clump spontaneously in salt solu- 
tion without the addition of serum. In view of this difficulty, 
only a few agglutination tests were performed. My attention 
has recently been called to a method by which this difficulty can 
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probably be overcome. In working with bubonic plague Strong 
and Teague (6) found that, per cent of sodium chloride would 
prevent this spontaneous clumping and still furnish sufficient 
salt to allow specific agglutination. 

The following routine was observed in the serological work. 
For agglutination tests, a young culture five days old, on glucose 
ascitic agar was used. Olitsky recommends the microscopic 
method, carrying out the test very rapidly, before spontaneous 
agglutination can occur in the controls in salt solution, preferably 
within one hour. With the necessity of observing this time 
limit, I found it rather difficult tosecure satisfactory readings 
when working with an extensive series of preparations. One 
strain of the organism from pernicious anaemia, case 6, was found 
which did not slump excessively in salt solution. A very thin 
suspension was prepared and macroscopic tests were performed. 
The preparations were left at room temperature for an hour and 
were read after they had stood over night in the refrigerator. 

In the preparation of the antigen for complement fixation, 
the digestion of the bacterial suspension in distilled water, was 
carried out at 37°C. for periods of ten to fourteen days. This 
long period seemed necessary for even a moderate breaking up 
of the strongly Gram-positive bacilli. Moreover, instead of fil- 
tration through a Berkefeld filter, the suspension, after diges- 
tion, was centrifuged for a short time, at low speed. The super- 
natant fluid was distinctly opalescent and, on standing, it tended 
to settle out only very slowly indeed. Before use, it was of 
course made isotonic with salt solution. This method of prepa- 
ration of bacterial antigens has, in general, yielded products of 
high antigenic value and comparatively low anticomplementary 
power, in contrast with the short digestion and filtration through 
a Berkefeld candle as advised by Olitsky. The usual standard 
procedures were followed in the tests for complement fixation. 
In the titration of the antigens for anticomplementary power, 
one-half the amount that just permitted complete hemolysis 
was usually employed. In some special cases, the fixing power 
of the antigen was so strong that the dose was reduced to one- 
fourth of the maximal amount that allowed complete haemolysis. 
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The customary sheep-cell, rabbit-serum haemolytic system with 
guinea pig complement was employed, two haemolytic units be- 
ing used. Of the serum to be tested, 0.1 cc., undiluted, was 
employed in a total volume of 2.2 cc. In the selection of rab- 
bits for immunization, it is extremely important to select indi- 
vidual animals that do not exhibit non-specific complement fixa- 
tion. Not infrequently, individual normal animals occur that 
give positive reactions with both the Wassermann and the gon- 
ococcal antigens, reactions which, in the human, are in no way 
interdependent. It was found that animals giving this non- 
specific fixation in the Wassermann and the gonococcus tests, 
also fixed complement with the Plotz organism and with the 
bacillus from the spleens. Fortunately, Kolmer and Trist (7) 
have found that the reaction in normal animals tends to be con- 
stant and does not fluctuate from positive to negative. My own 
experience agrees with this. Accordingly, at the beginning of 
the experiment, animals were selected for immunization and for 
normal controls whose fixation reactions were negative to these 
antigens. Complement fixation tests on the bacilli from the 
cases of pernicious anaemia against the serum of rabbits immun- 
ized to these organisms, showed definite cross-fixation. The 
accompanying outline gives the results for either an antigen or 
an immune serum of each of the three strains of anaerobes from 
pernicious anaemia. 


Degree of fixation 


BACILLUS FROM 
SPLEEN VIII 


ANTIGEN FROM 


RABBIT SERUM IMMUNE TO BACILLUS FROM SPLEEN VI 


: 1 Complete None 
SpleemiVioke me ncahactee een aetees 9 Conplets Complete 
a Z 3 Complete ~ Complete 
S) O)Ye 10 CES ied OPM ome OANA Ooc.gC ome { 4 Conlete Complete 

A None None 
Normal rabbitste acces eee B None Trace 
C None Trace 


Complete, No haemolysis. None, Complete haemolysis. Trace, Almost 
complete haemolysis. 
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For comparison of the Plotz bacillus with these anaerobes, 
some preliminary fixation reactions were carried out by testing 
an antigen from the organisms from Spleen VI against a corre- 
sponding immune rabbit serum, an immune serum from a rabbit 
injected with the Plotz organism and against a variety of human 
sera. In order to guard against the occurrence of very general 
non-specific fixation, the reactions to a Wassermann antigen 
(cholesterinized human heart) are included. A corresponding set 
of agglutination reactions were carried out with this bacillus and 
these sera. The results show both cross-fixation and cross- 
agglutination. The data are given in table 2. 

These results were confirmed on a larger scale, antigens being 
used that had been made from bacilli isolated from two of the 
spleens (cases 6 and 8) and from the Plotz bacillus. ‘These were 
tested against patients and against rabbits immune to the Plotz 
bacillus and to two of the strains of organisms obtained from the 
spleens (cases 7 and 10). For these tests, one of the rabbits 
immunized against the organism from Spleen VI, had died sud- 
denly. Inits place, a rabbit was substituted that had been in- 
jected four months previously with this strain of organism. 

The results are of interest since cross fixation occurs freely 
and practically constantly between the various sera and anti- 
gens. There is only one apparent exception and this occurs in 
the animal that had not been injected for along period. Its im- 
munity was evidently not of high grade, since absolutely com- 
plete fixation was not obtained with its own antigen and it failed 
to cross fix with the other sera. A duplicate animal immunized 
more recently than this one, did give cross fixations. Although 
the serum of this animal, which had not been recently injected, 
failed to give cross-fixation, yet the antigen gave cross-fixation 
with the sera of other animals immunized to the organism from 
Spleen X. 

The results of these fixation tests furnish definite evidence of 
a close relationship between these bacilli and do not supply 
evidence of any difference between them. 

The data are given in table 3. 


TABLE 2 


Complement fixation and agglutination with organism from Spleen VI 


COMPLEMENT FIXATION 


Immune to 


Organism from oa 


Diagnosis: 


Pernicious anemia... 


Secondary anemia... 


Cerebrospinal syphilis. 


Hind OCALgditisesaces ss 
Lobar pneumonia...... 
AlORtitiSeenen oem otieer 


Peritonsillar abscess... 
Gastric ‘uleer:.......... 
Myasthema gravis..... 


Visceroptosis........:..0: 


Hyperthyroidism........ 


me wh 


~I 


9 


14 


Antigen from 
organism of 
Spleen VI 


Complete 
Complete 
Complete 
Complete 
None 
None 
None 
None 
Almost 


complete 


Wassermann 


Almost 


complete 


Patients’ serum 


Trace 
Trace 
Trace 
Trace 
None 


Complete 


Partial 
Trace 


Almost 


complete 


Complete 
Trace 
Partial 
Complete 
Complete 
Trace 
Complete 


Trace 


None 
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Partial 
Complete 
None 
None 


None 
None 
None 
None 
Partial 
Partial 
None 
None 
None 
None 
None 
None 


None 


None 


AGGLUTINATION OF BACILLUS 
FROM SPLEEN VI 


Dilution of serum 


Partial 
Complete 
Complete 
Complete 
None 
None 
None 
None 
Partial 


None 
None 
None 
Well 
marked 
Well 
marked 
Well 
marked 
None 
Well 
marked 


None 
None 


None 
None 
Well 
marked 
Complete 
Partial 
Well 
marked 
Well 
marked 


None 
Complete 
Complete 
Complete 
None 
None 
None 
None 
None 


None 
None 
None 


None 
None 


None 
None 


None 


None 
Well 
marked 
None 
None 


None 
Complete 
None 


None 


None 
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TABLE 3 


Showing cross fixation tests with rabbit sera toward antigens of the Plotz’ bacillus 
and the bacillus from pernicious anemia 


DEGREE OF FIXATION 


IMMUNE SERA FOR 


ORGANISMS OF Antigens 
Spleen VI Spleen VIII Plotz’ bacillus 
Spl VI 1 | Almost complete | Complete Complete 
aa ra as 2 | Almost complete | Almost complete Complete 
z 3 | Complete Complete Complete 
SLES ESB Ce { 4 | Complete Complete Complete 
Plotz’ 5 | Complete None None 
aie Ng Ee Fa 6 | Complete Complete Complete 
‘ A| None None None 
T 
Normal eeldDKs B| None Trace Trace 
SES ai eee ae C} None Trace Partial 


The following fixation tests were carried out with the organ- 
ism from Spleen VIII and with the Plotz bacillus against human 
sera three cases of pernicious anaemia and five control sera be- 
ing used. The results are given in table 4. 


TABLE 4 


Showing fixation with serum of pernicious anemia and control cases 


DEGREE OF FIXATION 


CASE 


Uae DIAGNOSIS Antigen 
spleen Vit | bacillus | Wasserman 
1 Perniclousanemiaco. en ca. None None None 
2 Pernicious anemia...............| Complete | Complete | None 
3 PRernicious anemia... oe. None None None 
4 Cholanpitisneneee een ree oe. Complete | Complete | Complete 
5 Gastricimeurosissans eee oeeeee None None None 
6 ATETIO=SCIEEOSISh acs eee ok None None None 
7 Gastric neurosisues--aen eee eee | None None None 
8 Mitral insufficiency.............. None None None 


Both the antigens of the bacillus of Plotz and of Spleen VIII were used in 
one-fourth the dose that just failed to cause inhibition of haemolysis. 


Complete fixation in two out of eight cases tested against the 
Plotz antigen seemed rather unexpected, especially as the anti- 
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gen was used in only half the quantity that was permissible from 
the stand point of its anticomplementary power. Seventeen 
additional patients were tested to determine whether complete 
fixation is as frequent as these results indicate and in these cases 
complete haemolysis occurred in all except three; in these the 
haemolysis was only partial. The fact that complement fixation 
may be obtained with this antigen in diseases other than typhus 
fever, does not impair the value of the fixation tests reported by 
Olitsky in typhus eases. Obviously, in diagnosing a disease by 
complement fixation tests, it is necessary, first of all, to reduce 
the quantity of antigen or otherwise to adjust the conditions so 
that no normal sera will give positive reactions. While it is 
important to know that non-typhus cases will fix complement 
rather readily with this antigen, the striking feature in these re- 
sults is that the reactions of the bacillus from the spleen coincide 
precisely with those of the Plotz bacillus. This is further indi- 
cation of some biological relationship between these organisms. 


INTERPRETATION OF RESULTS 


It is evident that there is a close relationship in the essential 
characteristics of this bacillus cultivated from the spleen and the 
bacillus isolated by Plotz. The interpretation that suggests 
itself most readily is that these organisms are normal inhabitants 
of the body and that although they are highly parasitic, they 
are not pathogenic. The slight difference in the fermentation 
of sugars does not militate against the assumption that these 
bacilli from pernicious anaemia and typhus fever belong essen- 
tially to one species. It will be remembered that Plotz found 
the various strains of his organism to be entirely constant in their 
fermentation reactions. Nevertheless, it does not seem improb- 
able that a more extended series would reveal some variation. 
If this bacillus from the spleen should develop in cultures made 
for the diagnosis of typhus fever, it could not be distinguished 
from the Plotz bacillus except by a detailed study of its reaction 
on carbohydrates. The small series of agglutination tests indi- 
cate the close relationship of the bacillus from the spleens to the 


— 


— 
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Plotz bacillus, and the complement fixation tests are in agree- 
ment with this conclusion. However, complement fixation can 
at times be the least specific of the immunity reactions. Fail- 
ure to show cross fixation would speak strongly in favor of dis- 
tinct species, whereas positive results do not merit so much 
significance. 

The finding of the Plotz bacillus in Brill’s disease has been ad- 
vanced as additional evidence of the identity of this disease and 
typhus fever, but this argument loses its significance more or 
less completely when this same bacillus is found in an entirely 
different disease. 

If we consider the bacillus described by Plotz to be the cause 
of typhus fever, then it would be conceivable that this anaerobic 
organism from these spleens might be the cause of pernicious 
anaemia. Although widely different parasites may produce al- 
most identical symptoms, we do not have any well established 
instances in which organisms that are closely related biologically, 
produce widely divergent clinical effects. One example which 
suggests itself is the skin lesions of B. leprae and B. tuberculosis. 
However, on closer examination, the skin lesions caused by the 
two organisms from the standpoint of histology are closely 
related. Another example for consideration, is the skin lesion 
produced by Leishmania tropica and kala azar produced by L. 
donovani, but in this case the differentiation of these forms into 
two species is now being called into question. With the limited 
amount of data at hand, it is difficult absolutely to exclude 
this bacillus, isolated from cases of pernicious anaemia, as the 
possible etiologic factor of the disease, with definite proof that 
would meet all theoretical objections; at least, this is true when 
we consider the number of diseases in which the etiologic factor 
is established without fulfilling Koch’s postulates and the widely 
divergent bases upon which investigators in different fields 
propose new etiologic organisms. Perhaps crucial evidence would 
be obtained by the examination of normal spleens. The bacteri- 
ological study of the spleen is not very satisfactory except under 
special conditions. It seemed worth while to report the results of 
the cultures from these spleens without waiting for controls from 
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other conditions, since surgical removal of the spleen is rather 
uncommon. However, I should be very much surprised if sub- 
sequent examination showed the bacillus found in pernicious 
anaemia to specific for this disease and that it did not occur in 
other conditions. Nevertheless, except for the knowledge of 
the Plotz organism and its relation to typhus fever, I am sure 
that it would be much more difficult for me to dissuade myself 
of a possible etiologic réle of this organism in pernicious anaemia. 

The simplest interpretation of these results is that the bacillus 
isolated from the spleen of cases of pernicious anaemia and 
from the blood of cases of typhus fever is merely a part of 
the normal flora of the body. Such organisms might gain a 
better foothold during the course of a serious disease especially 
in a severe infection or pronounced anaemia. ‘There are several 
suggestive points that support this view. It is significant that 
antigens prepared from the bacillus isolated from the spleen, 
fix complement indifferently with cases of pernicious anaemia and 
with other diseases. The isolation of organisms evidently be- 
longing to the same species from such widely different condi- 
tions aS pernicious anaemia and typhus fever, constitutes ex- 
tremely strong evidence that they are not the causative agent of 
either disease. On the other hand, it must be kept in mind that 
in a long series of blood cultures in control cases, Plotz, in no 
instance, found the organism which occurred so frequently in 
typhus fever. Furthermore, Olitzsky found that complement 
fixation gave positive reactions in a high percentage of typhus 
cases under conditions in which non-typhus cases reacted 
negatively. 

Plotz has evidently discovered a new organism or a new group 
of organisms, which are highly parasitic. They are non-patho- 
genic for lower animals and probably non-pathogenic for man. 
The recognition of this anaerobic organism constitutes an im- 
portant advance in bacteriology. I would like to think that a 
new etiologic agent had been discovered. However, I am not 
prepared to accept that either the anaerobic bacillus isolated 
from typhus fever or from the spleen of cases of pernicious anae- 
mia is the specific etiologic agent in either disease. 
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CONCLUSIONS 


1. Bacterial cultures were made of human spleens removed 
for surgical purposes in ten cases. The cultures from four of 
these spleens remained sterile. In three instances, a micrococcus 
was obtained and in three other cases an anaerobic bacillus 
developed. 

2. The anaerobic bacillus in its morphology, in its cultural 
characteristics and in its serological reactions resembled very 
closely the bacillus isolated by Plotz in typhus fever. The evi- 
dence which is at present available, indicates that these anaer- 
obic bacilli, isolated by Plotz from typhus fever and appearing 
also in cases of pernicious anaemia, constitute essentially a single 
species. 

3. The weight of evidence indicates that this group of organ- 
isms represents parasitic but non-pathogenic flora of the human 
body. ‘There is not sufficient evidence to ascribe a specific eti- 
ologic réle to members of this group of anaerobic bacilli in either 
typhus fever or in pernicious anaemia. 
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1. AGGLUTINABILITY OF BLOOD AND AGAR STRAINS OF TyPHOID BACILLI 


Carroll G. Bull, and Ida W. Pritchett: Gay and Claypole found that 
two generations on 10 per cent rabbit blood agar rendered typhoid 
bacilli inagglutinable to an immune serum produced by a plain agar 
strain, but that a serum produced by a blood strain agglutinated 
equally well both blood agar and plain agar strains.!. These authors 
observed also that a blood strain immune serum agglutinated freshly 
isolated inagglutinable strains, and they were thus able to identify such 
strains without first growing them for a number of generations on 
artificial media. 

In contemplating the production of a general agglutinating serum 
according to the above method, we first attempted to render our labo- 
ratory strains inagglutinable by growing them on 10 per cent rabbit 
blood agar. Two generations on blood agar failed to change the 
agglutinability of these strains. Cultivation on blood agar was con- 
tinued and the agglutinability tested with an agar strain immune serum 
after each two or three successive transfers. No difference between the 
agar and blood strains could be detected even after twenty-five gen- 
erations on blood agar. We then collected fifty-five strains from 
various sources and subjected them to a similar procedure. ‘Twenty 
of the collected strains were in the second generation after isolation 
from patients. The individual strains varied a good deal in agglutin- 
ability, but the corresponding blood and agar strains ran quite parallel. 

One inagglutinable strain was encountered. The plain agar culture 
was as inagglutinable as the blood strain. This strain did not produce 
acid in maltose, mannite, and galactose. It produced indol as readily 
as coli bacilli, and was very toxic for rabbits; 1/150 of an agar slant 
per kilo of body weight killed rabbits within from three to twenty-four 
hours. Both agar and blood strains were agglutinated by a homolo- 
gous serum produced with the agar strain. This serum agglutinated 
other typical strains, but on'y 1/5 as well as the homologous strains. 
A serum produced with a typical strain protected rabbits passively 
against three lethal doses of the irregular strain. 

Another method was used to establish the identity of this strain. 
Rabbits actively immune to typhoid bacilli are very resistant to intoxi- 
cation by these organisms; they withstand from thirty to forty lethal 
doses. Since passive protection is limited to a few lethal doses, active 


1Gay, F. P. and Claypole, E. J., Archives of Internal Med., 1913, xii, 621. 
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protection can be used to advantage in identifying and classifying such 
organisms. In this particular case, rabbits immunized with typical 
typhoid bacilli were only slightly intoxicated with seventy-five lethal 
doses of the irregular strain. Hence, we are dealing with a true typhoid 
bacillus or active protection against such organisms is quite non-specific. 

Conclusions. Growth on 10 per cent rabbit blood agar did not 
affect the agglutinability of fifty-eight strains of typhoid bacilli. 

An organism isolated from a typhoid patient showed irregularities 
in agglutination, sugar fermentation, and indol production, but was 
identified as a typhoid bacillus through active protection tests. 


2. A SrroLocicaL Stupy oF ETHYLHYDROCUPREIN (OPTOCHIN) IN 
AcuTE LoBAR PNEUMONIA 


Henry F. Moore and Allan M. Chesney: Ethylhydrocuprein (opto- 
chin), a derivative of hydroquinine, has a specific inhibitory and bac- 
tericidal action on the four main groups of pneumococci in the test tube, 
and confers a protection on mice against several lethal doses of these 
microorganisms. It was shown that the serum of animals and man 
receiving this substance acquired an inhibitory and bactericidal action 
on the pneumococci. 

The present study is concerned with this acquired bactericidal action 
upon pneumococci of the serum of patients suffering from acute lobar 
pneumonia after administration of the drug. The “ plate’? method was 
used. The hydrochloride of the drug was used, and given by mouth 
in order to obtain comparable results; the various samples of serum 
which were obtained both before and during the treatment, were studied 
at the same time. To avoid agglutination, due to a developing im- 
munity on the part of the patient, simulating a bactericidal action, a 
strain of pneumococous belonging to a group other than that of the in- 
fecting pneumococcus was generally used; wherever this was not the 
case, agglutination tests were made to rule out this fallacy. 

It was established that the dosage of the drug could be so regulated 
that decided bactericidal action appeared in the serum within a few 
hours after administration of the first dose of the drug, and that this 
action remained more or less constant throughout the treatment. It 
was sought to obtain a rapid appearance of this action in the serum, 
and to maintain it at as constant a level as possible in view of the 
fact that pneumococci, when in contact with a concentration of the 
drug lower than that required to produce a bactericidal action, become 
“fast” or resistant to it in a relatively short space of time; and, also, 
because the pneumococci are killed only after several hours contact with 
the drug, the time required depending not only on the concentration 
of the optochin, but, to a large extent, on the rate of growth of the 
bacteria. Owing to the fact that toxic symptoms, which resemble 
those of quinine poisoning and which are rarely serious, may appear as 
a consequence of giving too large amounts, a limit was set to the quan- 
tity given per twenty-four hours. The dosage recommended for an 
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average sized individual is 1.5 gram per twenty-four hours, divided as 
follows: an initial dose of 0.45 gram, and 0.15 gram every third hour 
thereafter, up to 1.5 gram, for the first twenty-four hours; for each fol- 
lowing period of twenty-four hours, 0.15 gram every two and one-half 
hours. It is advised that the amount of drug should be given in rela- 
tion to body weight, so that adult patients get, on an average, from 
0.024 to 0.026 gram per kilogram of body weight per twenty-four hours. 
In every case in which this relation obtained and in which the doses 
were suitably spaced, the serum showed a strong bactericidal action 
on the pneumococci. 


3. HUMAN SENSITIZATIONS 


Robert A. Cooke: (See this number, p. 201.) 


STUDIES ON ANTIBACTERIAL SERUMS 


I. STANDARDIZATION OF ANTIMENINGITIS SERUM 


A. PARKER HITCHENS anp GEORGE H. ROBINSON 
From the Research Laboratories of the H. K. Mulford Company, Glenolden, 


Pennsylvania 


Received for publication, May 9, 1916 


Antimeningococcus serum has proved to be an excellent thera- 
peutic agent in the majority of cases of cerebrospinal meningitis 
in which it has been employed. There have been, however, a 
smaller number of cases in which the serum produced little, if 
any, beneficial influence upon the course of the disease. It is 
greatly to be regretted that, in the reports of the use of the serum 
so little has been known, or recorded, of its potency. This lack 
of data is due to the fact that no uniform method of estimating 
efficiency has been employed by the laboratories producing the 
serum. 

It is evident, per se, that a serum which exerts a curative 
influence upon a case of meningitis, possesses properties counter- 
acting the infecting organism. Conversely, a serum that does 
not produce a change in the course of the disease, does not 
possess enough antibodies to overcome the infecting organism. 
This absence of effect, may be due to a lack of polyvalency or 
to insufficient potency. The fact that a serum can possess thera- 
peutic value makes it incumbent upon the producers of the serum 
to determine its effect upon any strains of meningococci. In 
other words, the serum must be standardized as to potency and 
polyvalency. 


' MENINGOCOCCUS TYPES 


In order to understand fully the problem of standardization 
of antimeningococcus serum, some facts in the biology of the 
meningococcus must be considered. The meningococci do not 
compose a homogeneous group, but have been found by various 
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investigators (Dopter (1), Wollstein (2) ) to consist roughly of 
two main groups, the true meningococci and the parameningo- 
cocci. Wollstein, however, finds that the true meningococci 
include many atypical strains. These efforts at classification 
have been made upon the basis of agglutination and complement 
fixation reactions. As in all other groups of bacteria, a variable 
susceptibility to these reactions has been observed among differ- 
ent strains. The inadequacy of these reactions for drawing lines 
of classification 1s emphasized by the fact that a serum immune 
to the gonococcus will give positive reactions with the meningo- 
coccus-Wollstein (3). 


PATHOGENICITY 


The pathogenicity of the meningococcus has been described 
as irregular by Sophian (4). Flexner (5) found young guinea 
pigs of 125 grams to be the most susceptible animals. Elser and 
Huntcon (6) and von Lingelsheim and Leuchs (7) found that 
white mice succumbed most easily to injection of the meningo- 
coccus. Inall animal tests the toxicity of the organisms (Sophian 
(4) ) rather than their infective power has been regarded as the 
principal cause of death. A very important factor in the patho- 
genicity of the meningococcus is the age of the culture. Flexner 
(5) has shown that a culture is most viable when very young. 


STANDARDIZATION OF SHRUM 


The bacteriotropic test as suggested by Jochmann (8) can not 
be conducted with unifcrm resulis. 

Agglutination and complement fixation tests are most gen- 
erally used at present but the tests are not made with standard 
reagents. The preparation of a standard antigen for the comple- 
ment fixation test as recommended by Schwartz and McNeil 
(9) indicates a tendency toward uniformity in the test. 

On account of the irregular pathogenicity of the meningo- 
coccus the animal protection test has not been used extensively. 
Flexner (5) found that his antimeningococcus serum would pro- 
tect guinea pigs against one fatal dose of living organisms. Von 
Lingelsheim and Leuchs (7) could protect a white mouse against 
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one-half an agar slant with 0.5 cc. of immune serum. Amoss 
and Wollstein (10), consider a serum suitable for therapeutic 
use when it protects guinea pigs of 90 to 100 grams weight against 
a fatal infection. 

EXPERIMENTAL 


While testing the antimeningococcus serum produced at the 
Mulford Biological Laboratories, variations in the results of tests 
im vitro led us to believe that we were not recognizing the actual 
degree of immunity. The serum of one horse, 2059, after more 
than sixteen months of treatment would not give a complete 
fixation of complement in amounts of 0.01 ec. with meningococcus 
antigen. The serum of another horse, 2534, receiving similar 
treatment, gave complete fixation in amounts of 0.005 after 
three weeks. 

In view of such discordant findings, the animal protection test 
was attempted. Since Flexner (5) has observed that salt solu- 
tion is toxic for meningococci, fresh guinea pig serum diluted to 
four times its volume with salt solution (0.85 per cent), was 
used as a menstruum. A 16-hour old culture on serum-dextrose 
agar was uniformly employed. The organisms are thus sus- 
pended in a physiological medium and are in the most viable 
condition. 

The technique of testing the virulence of a culture is as follows: 
the 16-hour growth is suspended in 1 ce. of dilute guinea pig 
serum; one half is immediately injected intraperitoneally into a 
white mouse; 0.5 ce. of the guinea pig serum is added to the 
remainder and one half of this suspension injected similarly into 
another mouse. Table 1 represents a typical protocol. 

TABLE 1 


Culture 40 
a SE, A 


AMOUNT OF AGAR 
WEIGH 
E T OF MOUSE SLANT RESULT 


17 0.5 Death in 18 hours 
14 0.25 Death in 18 hours 
13 0.12 Death in 40 hours 
itil 0.06 Death in 24 hours 
11 0.03 Survived 


SEE EE ee eee eee 
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In absolute point of time the mice do not die in regular order 
but at the end of forty-eight hours, after which no animals are 
affected, all receiving more than a certain amount of culture 
will be found dead. ‘The cocci can be recovered invariably from 
the heart blood of the animals that succumb. 


METHOD OF TESTING SERUM 


When a serum is to be tested, it is injected in 0.5 ec. quan- 
tities, intraperitoneally two hours before the injection of the 
culture. The growth, on as many agar slants as there are tests 
to be made, is suspended in one cubic centimeter each, and 
pooled. By combining the growth from several agar slants each 
animal in a series receives exactly the same amount and the 
suspension is more uniform from time to time. The amounts 
of serum and bacterial suspension have been invariably 0.5 ce. 


each. 
TABLE 2 


Culture Para M 


Test March 29, 1916 SERUMS 

ea a 2059 2308 2526 2813 Normal None 
0.5 Di 24 bri D: 24 hrs D: 20ihr:| DD! 20 ‘hr.| D: 20 hr.) DY 20th: 
0.25 Lived Lived D..20 hr.| D. 24 hr.| D. 40 hr.| D. 20 hr 
0.12 Lived Lived D. 48 (hr:| D: 20,hr:) D; 24 hr. | De2 ir 
0.06 Lived Lived Lived D. 24 hr.| D. 20 hr.| D: 48ahr 
0.03 D. 24 hr.| D. 24 hr 


Horse 2059 had been under immunizing treatment for sixteen 
months, 2308 for twelve months, 2526 for seven months, and 
2813 for three months. Two weeks later the serum of both 
2526 and 2813 protected against 0.12 agar slant per cubic centi- 
meter. 

These horses have been receiving injections of a polyvalent 
antigen according to the method of Amoss and Wollstein (10). 
Our collection of meningococci includes about fifty strains ob- 
tained from various sources, the majority being received through 
the kindness of Rockefeller Institute and the New York Board 


A Rat as 


| 
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of Health. It is our practice to combine these strains in equal 
parts in making the doses for the horses. It is manifestly impos- 
sible to test each bleeding against each strain. We have, how- 
ever, been able to test one serum with all of the strains, and 
could demonstrate protection of greater or less degree against 
each one. 

The tests with strains 62 (McecWeeney) and L which Dr. Amoss 
of the Rockefeller Institute kindly informs us are strains of the 
normal meningococcus and parameningococcus, respectively, are 
given in tables 3 and 4. 


TABLE 3 


Culture 62 (McWeeney) 


ene SERUM 2050 A RESULT CONTROL ANIMALS NO SERUM 
0.25 0.5 D. in 6 hours D. in 18 hours 
0.12 0.5 D. in 20 hours D. in 18 hours 
0.06 0.5 Survived D. in 18 hours 
0.03 0.5 Survived Survived 
0.015 0.5 Survived Survived 
0.007 0.5 Survived Survived 

TABLE 4 
Culture Para L 

ea ae SERUM 2059 A RESULT CONTROL ANIMALS NO SERUM 
0.25 0.5 D. in 18 hours D. in 18 hours 
0.12 0.5 Survived D. in 18 hours 
0.06 O85 Survived D. in 18 hours 
0.0.3 0.5 Survived D. in 18 hours 
0.015 0.5 Survived D. in 20 hours 
0.007 0.5 Survived D. in 20 hours 


SPECIFICITY OF THE TEST 


There seems to be a considerable degree of specificity in the 
test. The serum of horse 2629, after treatment for four months 
with Strain 1 (Isadore) gave the results shown in tables 5 and 6. 
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TABLE 5 
Strain 1 
peas SERUM 2629 RESULT SERUM RESULT 
0.5 025 D. 40 hours 0 D. in 24 hours 
0.25 0.5 D. 24 hours 0 D. in 20 hours 
0.12 0.5 Survived 0 D. in 24 hours 
0.06 0.5 Survived 0 D. in 20 hours 
TABLE 6 
Strain Para M 
GONO- 
pees ao RESULT SERUM RESULT Teena RESULT 
SERUM 
0.5 0.5 D. 40 hours 0 D. 20 hours 0.5 D. 20 hours 
0.25 0.5 D. 20 hours 0 D. 20 hours OF5 D. 20 hours 
0.12 OF5 D. 20 hours 0 D. 20 hours 0.5 D. 20 hours 
0.06 0.5 | D. 20 hours (0) D. 20 hours 0.5 D. 20 hours 


CLASSIFICATION OF MENINGOCOCCI 


Classification of the meningococci by this test has not as yet 
progressed far enough to permit a report. The results of this 
work will undoubtedly allow us to make a more nearly balanced 
treatment of the horses in regard to groups. 


INCREASE OF VIRULENCE 


Increasing the virulence of a meningococcus strain by animal 
passage is also under consideration at present. 


CORRELATION OF OTHER SEROLOGICAL REACTIONS 


We have to some extent, tried to correlate the results of 
agglutination and complement fixation tests with the protective 
power of the serum (table 7). Agglutination tests were made 
with the same strain as was used in the protective test. Fresh 
serum was used and the results were read after twenty-four 
hours at 55°C. The antigen employed for complement fixation 
was a fresh suspension of equal parts of all strains used in immu- 
nizing the horses. Asa rule a high agglutinating titer is accom- 
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panied by strong complement fixing power but does not imply 
ability to protect against an infection. 


TABLE 7 
PROTECTIVE UNITS PER | FIXATION OF COMPLEMENT; AGGLUTINATION 
sarOM cc.,* PARA M MIXED ANTIGEN PARA M 
2059T 16 (Ns SRarae 1:80 
2308H 4 0.002 ++-+-+ 1: 80 
2334K 8 OROOT telecine 1: 160 
2524N a OF 00) Be esieats 1: 160 
2525D 8 O2002 see tecie an 1: 40 
25261 a OF OES Ss eieiaataats 1: 80 
2627Bt 0 O° 0025 se aate as 1: 40 


* Owing to the fact that the controls were not carried to the M.L.D. the pro- 
tective units in this table are comparative and not actual. 
+ This horse was immunized against Strain 1. 


The final test of the efficiency of a therapeutic serum is the 
result of its use in human infection. We have obtained two 
cultures of meningococci from cases in which our serum was 
used. Both cases showed considerable improvement after the 
injection of the serum and eventually recovered completely. 
The results of the tests as to the protective power of the serum 
against infection with these two strains are shown in table 8. 

TABLE 8 
Culture 1569 


AMOUNT OF AGAR 


Aen SERUM 2059 V RESULT CONTROL ANIMALS NO SERUM 
0.5 0.5 Survived Death in 18 hours 
0.25 0.5 Survived Death in 18 hours 
OFZ 0.5 Survived Death in 24 hours 
0.06 0.5 Survived Survived 

0.03 Survived 

0.015 Survived 


Culture 1594 


ORS 0.5 D. 18 hours Death in 18 hours 
OR25 0.5 D. 40 hours Death in 24 hours 
0.12 0.5 Survived Death in 18 hours 
0.06 0.5 Survived Death in 18 hours 
0.03 Death in 18 hours 


0.015 Survived 
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DISCUSSION 


To the average practitioner, a standardization according to 
protective units means more than a standardization that is based 
on the complement fixing or agglutinating titer of a serum. 
The protective power of a serum is undoubtedly a better index 
of therapeutic value than any test in vitro. The test described 
above is suggested as the basis for a uniform method of stand- 
ardizing antimeningococcus serum. ‘The logical unit ofvalue 
would be the amount of serum necessary to protect against one 
fatal dose of culture. 

It is not possible at the present time, considering our incom- 
plete knowledge of the relationship of different strains, to recom- 
mend standard strains for such tests. If all strains are equally 
potent in stimulating the formation of protective antibodies, a 
strain from each group, selected at random, should measure the 
value of the serum. Since the amount of protection that a serum 
gives will depend considerably upon the virulence of the culture 
used, it may be advisable to stipulate that the culture should 
kill a mouse in amounts of 0.01 or 0.001 of an agar slant. Thus, 
a serum which would protect against 0.1 agar slant of a culture 
the M.L.D. of which was 0.001 agar slant, could be said to con- 
tain 100 units per cubic centimeter. 

From the standpoint of the practitioner it is desirable that 
a standard dose of antimeningococcus serum should contain 
perhaps 1500 units. This would resemble, in number of units, 
a dose of antitoxic serum. A serum protecting against 100 
M.L.D. per cubic centimeter given in 15 ec. doses would con- 
tain 1500 units. If, on the other hand, the test culture was of 
comparatively low virulence, the serum might show only 10 
units per cubic centimeter. If it becomes necessary to use sueh 
a culture, we could assume, in view of the method of standard- 
izing the antitoxic sera, a unit to be one-tenth the amount of 
serum necessary to protect against a fatal dose of culture. The 
final decision as to a uniform method must await an extensive 
study of the meningococcus cultures. 

Our tests have demonstrated the great importance of a poly- 
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valent serum. Until we have grouped the meningococci around 
type strains, it is our policy to test each newly isolated culture 
against a polyvalent serum. Protection can be demonstrated 
against the majority of new strains. Those against which the 
serum shows no protection are immediately incorporated into 
the treatment for the horses. For the routine testing of the 
serum, certain comparatively virulent strains are used. 


SUMMARY 


By suspending a 16-hour meningococcus culture in sterile fresh 
guinea pig’s serum, diluted to four times its volume, and inject- 
ing this suspension intraperitoneally into white mice, a regular 
virulence can be demonstrated. 

If the amount of serum necessary to protect against one 
M.L.D. of culture is considered as a unit, a rational and uniform 
method of standardizing antimeningococcus serum can be ob- 
tained. 

A dosage similar to that of antitoxic serum would be possible 
by such a method of standardization. 

The protection test parallels the extent of immunization more 
nearly than agglutination or complement fixation tests. 

The protection test is specific, differentiating strains of men- 
ingococci as well as the gonococcus. 

The polyvalency of an antimeningococcus serum is of extreme 
importance. 
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Among the several methods suggested for the titration of an- 
timeningococcus serum, complement fixation was first recom- 
mended by Kolle and Wassermann (1). They estimated that 
a serum to be valuable for treatment should inhibit hemolysis 
in a dose of 0.001 cc. Other writers, however, chiefly Krumbein 
and Diehl (2) and St. Baecher and Hachla (3) claimed that this 
method of testing may lead to erroneous results. Indeed, ac- 
cording to Neufeld (4) and Neufeld and Hiindel (5) the comple- 
ment fixing antibodies are quite independent of the bacterioly- 
tic amboceptors and do not necessarily bear any relation to the 
therapeutic value of the serum. 

A similar view has been held by American investigators. 
Titration of the bacteriotropic power of the serum according to 
the method of Neufeld as modified by Jobling and Lamar was 
accepted by Flexner. The laboratories of this country adopted 
the bacteriotropic method as the most rational of the tests since 
it was believed to imitate the mode of action of the serum thera- 
peutically. 

Recently, however, there has been a reaction against this 
method because of the well-recognized inaccuracies of the test. 
The slightest differences in technique, even those attributable to 
personal equation, were the occasion of such wide differences in 
result that the standard in one laboratory could be hardly com- 
parable to that in another. 
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The need of a method capable of producing uniform results, 
therefore, brought about a return to the complement fixation 
test. It was, of course, realized that the objection made by 
Neufeld was probably well founded. But on the other hand, 
serum with high complement-fixing power for the various types 
of meningococcus would indicate that the animal, from which the 
serum in question was obtained, had been sufficiently immunized 
to produce the other antibodies necessary for therapeutic ac- 
tivity. A serum considered to be sufficiently potent for pur- 
poses of treatment showed complement fixing power in a quan- 
tity of 0.002 ce. 

An important problem in the complement fixation test is the 
preparation of the antigen. 

The various methods in common use for this purpose may be 
divided into three classes: 

1. Bacterial suspension: (a) Fresh (unchanged); (b) Stock 
suspension which naturally must contain varying amounts of 
autolyzed bacteria and extractive matters. 

2. Autolyzed bacteria. 

3. Filtrates. 

An emulsion of meningococci must be prepared ex tempore and 
used when fresh, if one is to consider the unchanged proteins of 
the bacteria a part of the necessary constituents. It is self- 
evident, then, that by attempting to use fresh bacterial suspen- 
sions we introduce many possible sources of variation in the result. 

Autolysates and filtrates, on the other hand, may be prepared 
in quantity and stored for a considerable period. They are, how- 
ever, subject to sudden changes in titer; even though portions of 
the same lot may be distributed to various laboratories, the 
slightly different conditions under which they are kept may lead 
to considerable differences in the combining power of the anti- 
gens. Possible bacterial contamination is another disadvantage. 

If we can prepare an antigen that is not subject to alteration 
or at least to only very slight alteration due to storage or changes 
in temperature, we shall have eliminated one of the possible 
sources of difference in the results of complement fixation titra- 
tion of antimeningococcus serum. 
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This end has been accomplished, we believe, by the prepara- 
tion of a dried meningococcus antigen. 

If prepared in large quantities and stored in vacuo with phos- 
phorus pentoxid this antigen will remain stable for a long period. 
Under these conditions an antigen prepared in one laboratory 
could be distributed to other laboratories with the assurance that 
the antigen element in the complement fixation technique would 
be uniform. 

Furthermore, an antigen prepared in this way would have the 
advantage of being specific for a single type of meningococcus or 
polyvalent in definite proportions for all the several types of the 
organism. It is well known that certain strains autolyze more 
rapidly than others and by the method suggested the influence 
of this factor is minimized. 

The technique for preparing the dried meningococcus antigen 
is as follows: 

1. The cultures are grown on salt-free agar at 37°C. for six- 
teen to eighteen hours. 

2. The growth is collected and suspended in distilled water; 
about 10 ec. distilled water being used for each 20 square inches 
of agar surface. 

3. To this suspension is added an equal volume of 95 per cent 
ethyl alcohol. 

4. This mixture is immediately centrifugalized. 

5. After the supernatant fluid has been removed the precipi- 
tated bacteria are again suspended in 95 per cent ethyl alcohol. 

6. This process of centrifugalization and resuspension is re- 
peated a second and a third time, but with ethyl ether instead of 
alcohol, the original volume of the suspension being reduced to 
one-half each time. 

7. The ether adhering to the bacteria after the last precipita- 
tion and after removal of the supernatant ether, is removed by 
vacuum. 

8. The bacterial mass now constituting the antigen is further 
dried over phosphorus pentoxid in vacuo for three days. 

9. The antigen is stored in tubes—about 0.05 gram to each— 
and kept in vacuo over phosphorus pentoxid. 
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For storing the antigen under these conditions we have used 
the well-known ‘“‘H” tube. This is made by joining two test 
tubes, 1 inch in diameter by 4 inches long, at about their middle 
third with a narrower tube thus forming the letter ‘‘ H.”’ 

The antigen is placed in one tube; the P.O; in the other. In 
order to prevent mixing of the contents, the connecting tube is 
loosely plugged with cotton. The open end of the ‘“‘P.O;” tube 
is then sealed, the other is drawn down to capillary size and 
connected with the vacuum pump. After exhaustion of the air, 
this tube also is sealed in the blow-pipe flame. 

The antigen is stored in the dark in a refrigerator. 

Suspensions for use are prepared as follows: 

A small amount of the powder, say 0.02 gram is carefully 
ground in a mortar, 20 ec. of physiological saline solution being 
gradually added. We thus obtain a suspension 1: 1000 based 
upon the dry weight of the antigen. The anticomplementary ac- 
tion of this suspension is determined in the usual manner. One 
cubie centimeter of a suspension, 1: 10,000, usually shows slight 
inhibitive power, and 1 cc. of a suspension, 1: 50,000, still has 
sufficient combining power to anchor all the complement con- 
tained in 1 ce. of a dilution, 1: 20, if a sufficient amount of spe- 
cific serum is present. 

This antigen is therefore used in dilutions 1: 20,000 to 1: 30,000, 
a sufficient combining dose being thus obtained and at the same 
time a suspension of such high dilution that its anticomplementary 
properties do not interfere with the specific results. To guard 
against error, however, it is advisable always to set up control 
tubes containing a double amount of the antigen and the hemo- 
lytic system in parallel series with the actual test. 

Below are appended protocols showing the specificity of the 
antigen. 
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TABLE 1 
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‘AMOUNT OF ANTIMENINGOCOCCUS SERUM IN CUBIC CENTIMETERS 


Various ANTIGENS 


0.05 0.04 0.03 0.02 0.01 0.008 | 0.006 |0.004| 0.002 


Suspension of 


dried bacteria.|++++/++++|++++/+++4]++4++|+++[44+4]4+4]4++ 


Suspension of 


fresh cultures.|++++|++++]++++|+++4]++4+4|++4|4++4|4+4]4++ 


Autolysate, 

MecNeal....... SParcrarl) Sparc || ariraehacasam 0 0 0 
Cholesterin, for- 

LTE | aaa + ait ale 0 0 0 0 
Noguchi ....4.. 0 0 0 0 0 0 0 
Gonococcus..... a. st 0 0 0 0 0 
Catarrhalis ..... 0 0 0 0 0 0 0 
Staphylococcus. . 0 0 0 0 0 0 0 
Pneumococcus 

(polyvalent) .. + 0 0 0 0 0 0 
None (control) .. 0 0 0 0 0 0 0 


(a= (=) (=) 


oo 


0 


oo oo ©} 


i) 


0 


In this series of tests the antimeningococcus serum is the constant; the amounts 
of serum used are shown at the top of the columns. The antigen in each case is 
different. The very slight inhibition of hemolysis shown in certain instances with 


the heterologous antigens is negligible. 
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TABLE 2 


Test with various serums and the dried meningococci antigen 


AMOUNT OF SERUM EXPRESSED IN CUBIC CENTIMETERS 


0.05 0.04 0.03 0.02 0.01 0.008 0.006 | 0.004 |0.002 


3 Tricresol 0.4 per 
8) cent. 2.8.42: 0 0 0 0 0 0 0 1.0 0 
3 | Control........ 0 0 0 0 0 0 0 0 0 
SS ——— oo eat 
gs | No preserva- 
Behl iaitive: Bae ces sites | tte. ore cee 0 0 0 | 0 0 
a Controlss2...% 0 0 0 0 0 0 0 0 0 
E Tricresol 0.4 per 
a CeNGs!: cere Ste oe Sale eel ere eal eae am RRS ieee ici] Sas 
BE Controls ..23-..- +++] ++ ++ + 0 0 0 0 0 
Ce ee ee eS Ee ee —E——— ee 
a No __preserva- 
a GIVEse oe eee +4+t+)4+444144+4+4)/ 4444+] +++) +4+ | 44+) Fe 
milt@ontrol-....c3:| . + at + 0 0 0 0 0 0 
Pepa eS bine. os Seis ox 0 0 0 0 0 0 0 0) -0 
So Control.../s.... 0 0 0 0 0 0 0 0 0 
eelmlestre. a -ree en 0 0 0 0 0 0 0 0 0 
4g Control: face 0 0 0 0 0 0 0 
3 Z Plast a te ck. 4. 0 0 0 0 0 | 6 0 
<a 8) Control........ + ) 0 0 0 0 0 0 
sell Pesto) cs. 0 0 0 0 0 0 0 | 0) ae 
0 Contrells.....'i..: 0 0 0 0 0 0 O }2x0 ) 
3 g ESE Ss, comets 2: 0 0 0 0 0 0 0 0 0 
<® | Control 0 0 0 0 0 0 0 0 0 


In this table the dried meningococcus antigen is the constant. In the column at the left 
are shown the various serums used. It is to be noted that tricresolized antimeningococcus 
serum heated to 56°C.for 4 hour has lost its complement binding power in the dilutions 
used. Heat alone greatly reduces the complement binding power even without tricresol. 
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TABLE 3 


The control serums and their respective antigens 


AMOUNT OF SERUM 


nl a ee EE ee 


0.05 0.04 0.03 | 0.02 | 0.01 | 0.008 0.006 | 0.004 | 0.002 
Catarrhalis...... ++++/++++]/+++4+/4++/ 01] Oo 0 0 0 
Control..........} + 0 Os 04-0 0 Ot, Onna 0 
Streptococcus....} +++ | +++ |+++) ++ Oat HO 0 | 0 0 
Control os... 0 0 OOS ORNS Oise e@ 0 
Pneumococcus.. .|++++/++++/+++4+/++/ + | 0o!] 0 | o 0 
onfrole ss). .2..[) oe OF On 4,0 0 0 0 
Gonococeus......} +++ | +++] ++) + | 0 | 0 0 0 0 
@ontroll,.<.. 2... 0 0 0 | Ome 0 0 0 0 
Staphylococeus..]++++|++++/+++ ++) + | 0) 0/ 0] 0 
Wontrol2 a - OF Or (ees Omnia! 1 OK Fo 


ae ee tN be 

This table shows that the serums used to control the meningococcus antigen 
possessed specific activity for their hemologous antigens; it also shows that the 
control antigens were active. 


Up to the present our technique has been applied only to the 
meningococcus. It is hoped, however, that experiments now 
under way will demonstrate the possibility of preparing a dried 
and stable gonococcus antigen, the value of which would be ob- 
vious; a gonococcus complement fixation test properly carried 
out is capable of giving the clinician valuable information, but 
largely owing to the worthlessness of the antigens too commonly 
used, we believe the gonococcus complement fixation test has 
not received the attention it deserves. 
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Localized infections in or about the roots of teeth have already 
been considered in causal relationship to systemic disease and to 
neuralgia of the face. Experimental proof of the nature of this 
relationship, however, is still undetermined. In this paper I 
wish to record the history of a case in point and the results of 
experiments which appear to throw light on the subject. 


Case 567. Mrs. F. H. P., aged thirty-five years, had been subject 
to severe migraine for many years. For the past five or six years she 
has suffered from recurring attacks of neuralgia of the face, which 
began with severe pain and distinct swelling over the left upper Jaw, 
spreading to the opposite side, with soreness in the teeth, especially in 
the upper jaw, and followed by intense pain in the left side of the 
head, neck and shoulders. During the last two or three years the 
attacks have occurred eftener and had grown so severe as to necessi- 
tate the frequent use of hypodermics of morphine; the attacks have 
ended with spasm of the muscles, and tenderness and swelling of the 
neck on the left side. Her tonsils were removed four years ago, but 
this did not relieve the condition. One year ago the second left upper 
molar showing a blind abscess at the root was extracted, the left maxil- 
lary sinus drained and a piece of the left turbinate removed, but with- 
out relief. She became extremely nervous, at times hysterical during 
the paroxysmal pain, and has had one or two spells of mental con- 
fusion suggesting petit mal. Previous to tonsillectomy, she had had 
for years one or more attacks of tonsillitis followed by rheumatic pains 
during the winter months. 

1 Read before the American Association of Immunologists, Washington, D. C., 


May 11, 1916. 
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Examination revealed a poor vasomotor tone, moderately firm mus- 
cles, fair nutrition, and the general appearance of a nervous woman. 
On January 13, the hemoglobin was 85 per cent; the leukocytes 9800. 
A Wassermann test of the blood proved negative. On February 17, 
the hemoglobin was 80 per cent; the erythrocytes 4,210,000; the leuco- 
cytes 5400. There were no signs of organic disease of the central ner- 
vous system. The examination of the neart, lungs, abdomen, reflexes, 
urine, Roentgen examination of the jsws, roots of teeth, and the blood 
pressure, were all negative. There was tenderness over the left infra- 
orbital foramen and mental foramen, but no superficial tenderness of 
the overlying skin. There were tender nodules, which appeared to be 
enlarged glands in the posterior triangle of the left side of the neck. 
There was a clean tonsillectomy scar, a normal condition of the nose 
except moderate hypertrophic rhinitis, and a normal condition of the 
gums and teeth, except a tender dead first upper left molar which had 
been crowned, but from which the crown had been removed on account 
of the irritation of the gums. The maxillary sinuses were clear. Owing 
to the fact that each attack began with swelling of the left upper Jaw 
opposite the dead tooth and in the region of the left infraorbital fora- 
men, the tooth was extracted January 18. There was found a semi- 
lunar eroded area 2 mm. in diameter near the apex of the largest and 
inner fang. The surface of this was sterilized with a searing blade, 
and the root-canai drilled into from the apex with a dental burr. The 
pulp-cavity was filled with a foul-smelling pus. The erosion was situ- 
ated so that it was impossible to be shown by the Roentgen ray. The 
pulp-cavity of the other two fangs was filled and obliterated and there 
were no erosions at the apices. There was a large cement filling directly 
opposite the dead pulp. Smears from the pus from the root showed a 
few Gram positive diplococci, diptheroid bacilli and a few Gram nega- 
tive bacilli. The primary cultures in ascites-dextrose agar and broth 
gave a pure culture of a slightly hemolyzing streptococcus. The 
anerobic cultures on blood agar slants and in tall columns of ascites 
fluid containing sterile tissue, covered with paraffin oil, had a foul 
odor and many short chains of streptococci and numerous bacilli 
resembling Bacillus fusiformis. 

Immediately after the extraction of the tooth, the patient developed 
an unusually severe attack but she gradually recovered after several 
exacerbations. On February 17, after having been free from pain for 
ten days and gaining rapidly in weight and strength, there was found 
a definite tenderness of the muscles in the posterior triangle on the left 
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side of the neck and two distinct tender nodules just behind the pos- 
terior margin of the sternomastoid muscle. One of these tender nodules, 
thought to be a lymph-gland, and a portion of the deeper layers of the 
muscle, was excised. One-half of these tissues were immediately emul- 
sified for cultures and the other half fixed in formalin-Zenker for sec- 
tions. The excision of the fascia and muscle precipitated another 
violent attack of pain and spasm of the muscles of the left side of the 
neck. The cultures in tall columns of ascites plain broth of the emul- 
sion of muscle showed a pure culture of a short chained streptococcus 
and those from the thickened fascia, streptococci and staphylococci. 

Blood agar plates from the culture in ascites plain broth from the 
tooth pulp and from the muscle (injected into animals) showed pure 
cultures of streptococci producing a narrow hazy zone of hemolysis. 
It was thought that this streptococcus might be present quite generally 
on the mucous membrane in this patient. Cultures from the nose and 
pharynx and three out of six cultures from ene stool proved that this 
was actually the case. 

Sections of the excised muscle showed marked increase in the inter- 
stitial tissue, poorly staining nuclei of adjacent muscle fibers, and slight 
round cell infiltration (Fig. 1). Sections of the fibrous nodule and 
fascia showed old and young connective tissue, absence of lymphoid 
tissue, small nests of round cells, plasma cells, and erythrocytes, chiefly 
around blood vessels. Gram-Weigert and methylene blue stains for 
bacteria revealed a moderate number of diplococci in or adjacent to the 
fibrous tissue between the muscle fibers and nests of cellular infiltration 
(Fig. 2) and a large number within and surrounding a small sized blood 
vessel in the center of the fibrous nodule (Fig. 3). 

A vaccine was prepared by heating the streptococci suspended in 
salt solution from the primary cultures of the pulp of the tooth and 
muscle and treating it with equal parts of the patient’s serum fortwo 
hours at 37°F and over night in the ice chest. This was used in the 
treatment of the patient. The first dose consisted of 25,000,000, and 
was followed by marked muscle pains, especially at the left side of 
the neck, by nausea, extreme exhaustion andslight fever. The subse- 
quent injections were at first diminished and then gradually increased, 
aiming to give a distinct but not severe reaction following the injection. 
Dr. Grimes, who referred the patient to me, reported three months 
after the extraction of the tooth, that the patient has shown gradual 
improvement; the attacks are milder and of shorter duration, the inter- 
vals between attacks are longer, and there has been marked improve- 
ment in the general nervous tone. 
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ANIMAL EXPERIMENTS 


Intravenous injections were made into rabbits, guinea-pigs and 
dogs, and intraperitoneal injections into mice. The strepto- 
coccus 2s isolated from the pulp of the tooth was injected into 
4 rabbits, 2 guinea-pigs and 2 white mice, all of which recovered. 
The primary culture after one animal passage was injected into 
2 rabbits, 1 dog and 2 mice. The rabbits and dog recovered; 
the mice died. Thirteen animals were injected. In 10 of these 
circumscribed hemorrhages and edema opposite the roots of teeth 
or at the foramina of exit of the superior or inferior maxillary 
nerves were easily visible; in 7 there were lesions of the muscles, 
4 of which were limited largely to the muscles of the left side 
of the neck; in 6 there were lesions of the pulp of the teeth and 
the superior or inferior dental nerves; and in 3 there were insig- 
nificant lesions of the kidney, 2 in the gall bladder and 1 in the 
stomach. The spleen, adrenal, endocardium, vagus and sympa- 
thetic ganglia and subcutaneous nerves were normal. No lesions 
were found in the nerves supplying hemorrhagic muscles. The 
diptheroid bacillus did not produce lesions in the one rabbit and 
one mouse injected. 

The streptococcus from the muscle in the first and second 
cultures was injected into 2 rabbits, 1 guinea-pig and 1 mouse, 
producing lesions of the muscles, chiefly of the neck and shoulders, 
in all. In the rabbits there were also hemorrhage and infiltra- 
tion of the dental nerves, and gross lesions in the dental pulps 
and periosteum opposite the roots of the teeth. In 1 there were 
a few hemorrhages of the stomach, in the other, hemorrhages of 
the kidney; in the mice there was a mild peritonitis. 

To the portion of the above cultures of streptococci left over 
and having marked affinity for the muscles, was added 0.5 per 
cent formalin. This was allowed to stand over night at room 
temperature, a portion put aside for direct injection; the rest was 
centrifuged and the bacteria washed in Ringer’s solution. The 
former was injected intravenously into a rabbit in amounts of 
10 ee. on four occasions over a period of eleven days. The 
rabbit showed a moderate number of small hemorrhages in the 
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muscles of the hips and shoulders and a few in the stomach. 
The washed suspension was injected one month later into 3 
rabbits, each receiving the growth from 150 cc. of the broth 
cultures. All died in twenty-four hours. The muscles in all 
had a boiled appearance, and those about the shoulders, neck 
and spine had large and small hemorrhages associated with 
edema; 2 had, in addition, a hemorrhage of the pulp of the teeth; 
and 1 a few hemorrhages about the joints, in the tricuspid valve 
and in the left inferior dental nerve. The lungs were free from 
hemorrhages. 

Two cubic centimeters or approximately 500,000,000 of the 
heat-killed streptococci failed to produce lesions, but this may 
have been due to the small size of the dose. The filtrate of the 
formalinized cultures failed to produce lesions in the muscles 
following 3 injections of 10 cc. each into 1 rabbit. Three injec- 
tions into 1 rabbit over a period of eleven days of the slightly 
hemolyzing streptococcus from the pharynx were followed by 
moderate numbers of lesions in the muscles in the right side of 
the neck, the right elbow and right shoulder and in the inter- 
costal muscles. The streptococcus from the stools in the second 
culture did not produce lesions. The living streptococci from 
the tooth, muscle, pharynx and stool in the first or second cal- 
tures, and after one animal passage, and the heat or formalin- 
killed streptococci, were injected altogether into 24 animals (15 
rabbits, 3 guinea pigs, 1 dog and 5 mice). Of these 17 (71 per 
cent) showed myositis, 13 (54 per cent) lesions of the periosteum 
opposite teeth or at nerve foramina, 12 (50 per cent) lesions of 
the pulp of teeth and 10 (42 per cent) lesions of the dental 
nerves.2 Similar results have been obtained since in 2 cases of 
myositis and arthritis with streptococci isolated from the diseased 
pulp of extracted teeth. 

Previous to these experiments lesions of the pulp of teeth and 
the dental nerves were not usually looked for, but recently care- 
ful search for similar lesions in these structures has been made 


2 The incidence of the lesions in the other organs corresponded with those 
given in my paper on ‘‘Elective localization of streptococci,’”’ Jour. A. M. A., 
1915, 45, 1687-1691. 
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in numerous animals injected with streptococci from other 
sources. In three instances only were there found lesions of the 
pulp of teeth and dental nerves. Two of these animals showed 
myositis in addition. The details in the following experiments 
will serve to illustrate specifically the results obtained: 


R 656. Belgian hare, 1510 grams weight. January 19, 1916, in- 
jected intravenously with the growth from 30 cc. of ascites-dextrose- 
broth of a pure culture of streptococcus from the pulp of the extracted 
tooth. 

January 20. Seemed quite ill; respirations were accelerated; ap- 
peared to have pain in walking and promptly crouched when quiet. 
The hair was roughened and there was marked lacrimation of the left 
eye, but no swelling of the face. 

January 21. Seemed much better; was more active but tremulous, 
and appeared nervous. There was lacrimation of the left eye and an 
easily recognizable swelling of the left side of the face (Fig. 4). Slight 
pressure over this area appeared to cause pain and the swelling could 
be easily felt. Chloroformed. A rather large number of linear hemor- 
rhages in the skeletal muscles, chiefly in the tendonous portions of the 
flat muscles of the shoulder and deeper muscles of the left side of the 
neck and of the front extremities, were found. There were no lesions 
of the muscles of the hind extremities, the dorsal and lumbar regions 
of the spine, nor of the intercostal muscles and diaphragm. On remov- 
ing the skin on the left side of the face, marked edema, infiltration and 
hemorrhage of the subcutaneous tissue, the fascia, the muscles and the 
periosteum, were found. The hemorrhages in the periosteum opposite 
the molars appeared to be the center of the edematous area. The 
hemorrhagic infiltration extended to the under surface of the orbit. 
The pulp of the left third and fourth upper molars was found to be 
edematous and hemorrhagic. The hemorrhages were small and punctate 
and were not found in the pulp of the 2 corresponding teeth on the 
opposite side. On dissecting away the soft tissues of the lower jaw, 
it was found that hemorrhages of the periosteum had occurred opposite 
the apices of the right lower incisor, and the first and two last molars, 
the second left lower molar, and surrounding the right mental fora- 
men similarly to the lesions shown in Fig. 6. The pulp of the teeth 
surrounded by hemorrhages in the periosteum was found to be edema- 
tous and hemorrhagic, whereas 3 adjacent pulps appeared normal. 
The left superior dental nerve was extremely hyperemic and a number 
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of small hemorrhages were found in the sheath. The only lesions of 
the viscera were 3 small hemorrhages in the mucous membrane of the 
pyloric end of the stomach and 3 small subserous hemorrhages at the 
fundus of the gallbladder. 

January 23. Blood-agar plate cultures of the blood produced 1 
colony of streptococcus; of the emulsions of the pulp of teeth 5 and 
18 colonies respectively. Cultures in ascites-dextrose broth from the 
emulsions of the pulp of 2 teeth, of the hemorrhagic muscle, of the 
edematous tissue over the Jaw and of the hemorrhagic periosteum, 
showed a short chained streptococcus. 

Sections of the edematous tissue over the left jaw showed extreme 
hemorrhage, edema and beginning leucocytic infiltration. In the pulp 
of 2 teeth from which sections were made, were large and small hemor- 
rhages chiefly beneath the layer of odontoblasts, and in the left superior 
dental nerve were small areas of hemorrhage in the sheath. Sections 
of hemorrhagic areas in the scapular muscles showed marked hemor- 
rhage between the muscle fibers, separation and fragmentation of the 
latter, and slight leukocytic infiltration. Gram-Weigert stains showed 
diplococci in or adjacent to the hemorrhagic areas in the edematous 
periosteum, in the muscle from the scapula, in the pulp of the teeth, 
and in the left superior dental nerve (Fig. 5). 

D 412. A white and black dog, weight 9.5 kilos. January 22, 
injected intravenously with the growth from 90 cc. of ascites-dextrose 
broth of the streptococcus from the hemorrhagic pulp of a tooth of the 
above rabbit. 

January 24. Seemed well; was active; no swelling of the face; no 
tenderness over joints nor muscles. Chloroformed. The left inferior 
dental nerve was found to be edematous and hyperemic and contained 
a number of large and small punctate hemorrhages (Fig. 7). The 
pulp of the corresponding canine tooth likewise appeared edematous 
and contained numerous punctate hemorrhages. The corresponding 
nerve and pulp on the opposite side appeared normal (Fig. 7). There 
were similar but less marked lesions of the left superior dental nerve 
and pulp of the canine tooth. The first upper and lower molars were 
examined and only the first left lower molar showed unmistakable 
hemorrhage. The muscles were free from visible lesions except for a 
few hemorrhages in the flat muscles under the scapulae. In a pains- 
taking examination of all the organs no other apparent lesions were 
revealed. 

January 25. Blood agar slants made from the blood were sterile. 
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Sections for microscopic study were made from the left inferior dental 
nerve, from the pulp of the teeth mentioned, and from the superior 
maxillary nerve. Hemorrhages and beginning leucocytic infiltration 
were found in the pulp of the left inferior canine (Fig. 8) and a small 
number of hemorrhages in the pulp of the first left lower molar, but 
practically none in the others. These hemorrhages were most numer- 
ous immediately beneath the layer of odontoblasts and at the distal 
portion of the pulp (Fig. 8). Sections of the left inferior dental nerve 
showed marked edema, a moderate leucocytic infiltration and a number 
of large and small hemorrhages chiefly in the sheath (Fig. 10). There 
were no lesions in the left superior maxillary nerve. Gram-Weigert 
and methylene blue stains for bacteria showed scattered diplococci 
and at times chains of diplococci in and adjoining the hemorrhagic 
areas (Figs. 9 and 11). In one instance, a mass of diplococci surrounded 
by erythrocytes was found just outside the wall, and 2 diplococci in 
the wall of a small blood vessel. In a number of instances the diplo- 
cocci were found within leucocytes and in what appeared to be endo- 
thelial cells. No bacteria could be found in the normal portions of 
the pulps and nerves showing lesions, nor in those free from lesions. 

P 155. White guinea-pig, weight 320 grams. February 19, injected 
intravenously with the growth from 30 ce. of ascites-dextrose broth of 
the streptococcus isolated from the muscle of the patient. 

February 21. Seemed quite well, but appeared to be muscle-sore. 
Chloroformed. Numerous small hemorrhages associated with edema 
in the triceps muscles and a moderate number in the muscles of the 
left shoulder and a few hemorrhages in the deeper layer of the muscles 
of the left side of the neck were found. There were no lesions of the 
dental nerves but the pulp of the two left upper molars was extremely 
hyperemic and contained distinct hemorrhages. There were no other 
findable lesions. 

February 24. Cultures from the blood in ascites-dextrose broth were 
sterile. 

Sections through the areas of hemorrhage in the scapular muscle 
showed marked extravasation of blood corpuscles, leucocytic infiltra- 
tion, separation and necrosis of muscle fibers (see Fig. 14 illustrating 
similar lesion in triceps muscle). Sections of the pulp of the left first 
upper molar showed a number of small hemorrhages while in those of 
the superior maxillary and right superior dental nerve there were no 
lesions. Gram-Weigert and methylene blue and eosin stains showed 
a few scattered diplococci in the hemorrhagic and infiltrated area in 
the muscle and adjacent to the hemorrhages in the tooth-pulp (Fig. 15). 
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THE STREPTOCOCCUS 


The streptococcus isolated from the dead pulp of the tooth, 
the muscle, the pharynx, and the stool, produced small, round, 
slightly elevated grayish-brown, non-adherent, rather dry, colo- 
nies on aerobic blood (human) agar plates. In broth it produced 
a diffuse turbidity with a small amount of flocculent sediment 
at the end of forty-eight hours. It acidified and coagulated milk. 
In liquid media it grew in short chains and diplococci. In many 
instances, the single members of the diplococci were quite round 
and resembled staphylococci. The strains from the tooth and 
muscle were freely susceptible to phagocytosis and the virulence 
was of a low order. The streptococci from blood agar slants in 
salt solution used as a vaccine resisted 60°C. for thirty minutes 
on consecutive days, while after the third heating the subcul- 
tures remained sterile. The blood of the animals soon became 
sterile, and nearly all recovered promptly from the effects of 
injection. The organism resembled very closely the streptococci 
that I have isolated from other cases of myositis and strains 
from other sources having affinity for muscles. 

In Table 1 is given the fermentative power of the strains i1so- 
lated from the pulp of the tooth, the muscle, the pharynx, and 
the stool. It is seen here, as has been found to be the case with 


TABLE 1 


Fermentative powers of the streptococcus* 


a 2 fe 
STREPTOCOCCUS 2 2 < z z E iS g 
a egee lh tee ly aed ae oe cuales allie ae 
i oct ee wn a a a aU 
MoothnpUlps eecees assess eA t coats JOO" 19 0 SMe 20 0 
[217210 ea aT tee eee AOR LS 0 16°). 128.) 2-0 0 0 
Miiscleds fhe eee dhod od 2 Debit o E.3 0 0 0 0 
SIO eee ary eeneice ine aaa ZAOiale2e 3 ileal 3.2 0 0 2.3 0 


* The standard sugar-free broth containing the usual amounts of the various 
carbohydrates was used in the fermentative tests. The cultures were incubated 
72 hours. The figures indicate the number of cubic centimeters of normal tenth 
sodium hydrate required to neutralize 5 cc. of the broth culture, phenolphthalein 
being used as an indicator. 
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other streptococci, that there is little parallelism between patho- 
genicity and the degree or range of fermentative powers. 


SUMMARY 


A streptococcus having peculiar properties was isolated from 
the dead pulp of the left upper first molar in the region where 
the attacks of pain usually began. The streptococcus was also 
demonstrated in the sections and isolated from the infiltrated 
deep fascia and muscles of the left side of the neck. A similar 
streptococcus was isolated from the pharynx and stool. This 
streptococcus was proved to have elective affinity for the pulp 
of teeth, dental nerves and muscles in animals. It was repeat- 
edly isolated from and demonstrated in the experimental lesions 
in animals whose blood was sterile; the lesions were again pro- 
duced on reinjection and the streptococcus again isolated. Many 
animals appeared to be in pain and 1 rabbit (Fig. 4) had marked 
swelling and tenderness over the left upper jaw. This affinity 
was proved absent in the diptheroid bacillus and Bacillus fusi- 
formis, which also were isolated from the pulp of the tooth, and 
in the streptococcus broth culture filtrate. Streptococci from 
other sources rarely cause lesions in the pulp of teeth and den- 
tal nerves. The phagocytic power of the patient’s blood follow- 
ing the attack over the strain from the tooth was twice that 
of comparable normal blood. 

These results would appear to warrant drawing the conclusion 
that the attacks of pain in the face in this patient were due to 
a streptococcus infection of the sheaths of the dental nerves, 
and that the pain, swelling, tenderness and spasm of the muscles 
of the neck were due to myositis and fibrositis—the result of 
infection by this streptococcus. The demonstration of living 
streptococci in the pulp of the tooth and in the fascia and muscle 
during quiescent intervals is significant and may explain the 
recurrence of the attacks. The cavity in the tooth containing 
the dead pulp, which was originally infected from the mouth, 
judging by the character of the filling and of the bacterial flora, 
was quite unable to heal for mechanical reasons. The contents 
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of the cavity appeared to afford a culture medium for the growth 
of the streptococcus. From stimulation of the defensive mechan- 
ism in the patient during the attacks, active growth appeared 
to be held in check and the symptoms disappeared in conse- 
quence, only to reappear later from recurrence of active growth 
and localization of the streptococci when the immunity was low. 

The improvement in the patient since extraction of the tooth 
appears to be due to the removal of this focus and to prolonged 
artificial stimulation of the defensive mechanism by means of 
the autogenous vaccine, which, it is hoped, will lead to the destruc- 
tion of all the streptococci in the muscle and dental nerves, and 
result in the ultimate recovery of the patient. However, the 
isolation of this streptococcus from so many places, indicates 
that complete recovery will probably be difficult. 


PLATE 1 


Fig. 2. Diplococci, singly and in short chains, and two leucocytes in tender 
fibrous node in the deep fascia from the left side of the neck. Methylene blue 
and eosin. X 1000. 

Fic. 3. Diplococci within the lumen and in the wall of the blood vessel and 
within the leucocyte just outside of the blood vessel in the center of the tender 
fibrous nodule of the deep fascia from the left side of the neck. Gram-Weigert. 
x 1000. 

Fic. 5. Diplococcus in an area of hemorrhage in the left superior dental nerve 
of rabbit shown in Fig. 4. Gram-Weigert. > 1000. 

Fic. 9. Diplococci, singly and in short chains, within and outside leucocytes, 
adjacent to the area of hemorrhage shown at a in Fig. 8. 

Fig. 11. Diplococci and double chain of streptococci in the hemorrhagic and 
infiltrated area (a) in the sheath, shown in Fig. 10. 

Fie. 13. Diplococcus in infiltrated area (a) shown in Fig. 12. Gram-Wei- 
gert. X 1000. 
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PLATE 2 


Fic. 1. Section of the muscle excised from the left side of the patient’s neck. 
Note the marked infiltration by connective tissue, the irregular staining and the 
atrophy of muscle fibers. Hematoxylin and eosin. X 60. 

Fic. 4. Rabbit (R 656) showing marked lacrimation of the left eye and swell- 
ing of the left side of the face forty-eight hours after the intravenous injection of 
streptococcus from the pulp of the extracted first upper left molar. 
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PLATE 3 


Fic. 6. Left lower jaw of rabbit (R 659) injected three days previously with 
5 ec. of twenty-four hour tissue-ascites-fluid culture of the streptococcus from the 
tooth. Note the edema and hemorrhage in the periosteum opposite the root of 
the canine and surrounding the inferior dental nerve at the foramen of exit. 
x2. 

Fic. 7. The pulp of the inferior canine and inferior dental nerve from dog 
(D 412) two days after an intravenous injection of the streptococcus isolated 
from the hemorrhagic pulp of the second upper left molar. Note the numerous 
large and small hemorrhages in the pulp of the left lower pulp and nerve. X 2. 

Fic. 8. Section of the pulp of the left lower canine shown in Fig. 7. Note 
the marked hyperemia and the large and small hemorrhages. Hematoxylin and 
eosin. X 60. 

Fic. 10. Section through the hemorrhagic area in the left inferior dental 
nerve, shown in Fig. 7. Note the marked edema and large and small hemor- 
rhages and leucocytic infiltration of the sheath. Hematoxylin and eosin. X 60. 


a78 


3 


PLATE : 


Ss 


LOCALIZATION OF STREPTOCOCCI 


ELECTIVE 


EDWARD C. ROSENOW 


Ss 


“OIA 


STN og es 


jg! 


Po 
‘ 


Bieta | 


) 


od 


‘ 


PLATE 4 


Fic. 12. Section of the dental pulp of the left upper molar in guinea pig (P 141) 
injected two days previously with the streptococcus from the pulp of the patient’s 
tooth. Note the marked leucocytic infiltration and hemorrhage. Hematoxylin 
and eosin. X 240. 

Fie. 14. Section of the left triceps of guinea pig (P 155) injected two days pre- 
viously with the streptococcus from the muscle of the patient. Note the marked 
hemorrhagic and leucocytic infiltration and separation of muscle fibers. Methy- 
lene blue and eosin. X 140. 

Fie. 15. Diplococcus in infiltrated area shown in Fig. 14. Gram-Weigert. 
x 1000. 

Fie. 16. Section of the left trapezius in rabbit (R 660) forty-eight hours after 
intravenous injection of the streptococcus from pulp of the left upper molar in 
rabbit shown in Fig. 4. Note the marked edema, leucocytic infiltration, hem- 
orrhages and the disintegration of the muscle fibers. Hematoxylin and eosin. 
xX 120. 
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OF HYPERLEUCOCYTOSIS FOLLOWING INJECTION 
OF TYPHOID BACILLI 
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In the course of a study of the leucopenia and subsequent 
hyperleucocytosis that follow the intravenous injection into the 
rabbit of typhoid bacilli, either living or killed, it was necessary 
to examine a large number of stained spreads of blood taken 
before the injection and at various intervals thereafter. It was 
during these examinations that the present instance of phago- 
eytosis of erythrocytes in the peripheral blood was observed. 

In general the leucocytic response in the blood of our rabbits 
was analogous to that obtained by other workers after similar 
injections. This reaction consists of two phases; the first a 
marked leucopenia which appears within a few minutes after the 
injection and reaches its low point within two hours. The count 
of white blood cells may drop from normal to as low as 1000 per 
emm. and differential counts made at this point show this leuco- 
penia to be in chief part the result of the almost complete dis- 
appearance from the blood, as obtained from the ear, of the 
polymorphonuclear amphophiles. This cell constitutes between 
30 and 50 per cent of the circulating leucocytes in the normal 
rabbit but during the stage of marked leucopenia it is often 
present as less than 1 per cent of the total count. The other 
varieties of white cell also decrease in actual numbers but the 
percentage of small lymphocytes rises to 90 per cent or even 
higher. In several instances no cells other than small lympho- 
cytes and very infrequent mast cells remain in the blood at the 
low point of the leucopenia. This is suggestive since mast cells 
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and small lymphocytes are the only types of white blood cells 
supposed to be devoid of all phagocytic activity. 

The second phase of the reaction consists in a marked leuco- 
eytosis which reaches its maximum in from eighteen to twenty- 
four hours after the injection. In our series the highest count, 
108,400, was obtained twenty-four hours after the injection of 
killed organisms into a non-immunized rabbit. In this leuco- 
cytosis the amphophiles again play the chief part and their per- 
centage may rise as high as 85 to 90 per cent. Many of these 
cells appear to be young forms and there is some deviation to 
the left on the Arneth scale. 

The occurrence of phagocytosis of erythrocytes in the blood 
stream was observed at the height of the leucocytosis in an ani- 
mal that had received an injection of one-tenth of a twenty-four 
hour agar slant culture of Bacillus typhosus washed off in salt 
solution and heated at 60° for one hour. The usual leucopenia 
occurred and was followed by a leucocytosis which had risen, 
twenty-six hours after the injection, to 48,600. The differential 
count at this time was: Amphophiles 70 per cent, small lympho- 
cytes 23 per cent, large mononuclears 4 per cent and Mast cells 
3 per cent. This percentage of large mononuclears is much 
higher than is usual in the stage of leucocytosis, for as a rule 
this variety of white cell plays little or no part in the increased 
count. In the blood before injection the total count was 15,900 
of which 7 per cent were large mononuclear cells. This figure 
is normal for the rabbit. In the stained preparations taken at 
this time it was observed that the majority of these large mono- 
nuclear cells showed evidence of active phagocytosis of the circu- 
lating erythrocytes. These macrophages could in no way be 
differentiated from the non-phagocytic mononuclear cells of the 
rabbit’s blood. Many of them contained two or more erythro- 
cytes and the engulfed cells showed every degree of digestion; 
in some instances merely a trace of the erythrocyte remaining 
in the center of a clear vacuole. One instance in the same 
preparation was observed of the phagocytosis of an erythrocyte 
by a polymorphonuclear amphophile, but there was no other 
evidence of phagocytosis by other forms than the large mono- 
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nucleated cells. Occasionally a lymphocyte or amphophile had 
been taken up by one of the macrophages. 

Twenty-four hours later the leucocyte count had fallen to 
13,800, the differential picture had become normal and almost 
all evidence of phagocytosis had disappeared. Infrequently, 
however, there could still be found large mononuclear cells con- 
taining digested erythrocytes. No subsequent observations were 
made on this animal as it was unfortunately destroyed before 
the stained spreads were studied nor was any phagocytosis of 
erythrocytes observed in the other animals that had been given 
similar injections. 

Phagocytosis of erythrocytes occurs under a number of condi- 
tions. It is the physiological fate of the erythrocytes in many 
species in which, as Kyes (1) has emphasized, the phagocytosis 
is carried on by large fixed tissue macrophages chiefly in the liver 
and spleen. Foreign erythrocytes introduced into the circula- 
tion are eliminated through the agency of these macrophages in 
the central organs as shown by Levaditi (2), Cary (3) and others 
and no evidence of phagocytosis is to be found in the peripheral 
blood. On the other hand Hopkins (4) has reported a case of 
pernicious anemia in which after a transfusion, there occurred 
active phagocytosis of erythrocytes by the polymorphonuclear 
neutrophiles of the circulating blood. In vitro phagocytosis of 
heterologous erythrocytes can be readily brought about under 
proper conditions by the polymorphonuclear leucocytes of a 
leucoeytic cream or by endothelial cells obtained from ascitic 
fluid. These latter cells are also actively phagocytic for erythro- 
eytes introduced into the peritoneal cavity. 

In both pernicious anemia and typhoid fever, in which in- 
creased phagocytosis by the macrophages in the internal circu- 
lation occurs, there have been rare reports of the finding of simi- 
lar cells in the peripheral blood. Van Nuys (5) has reported a 
case of fatal anemia with active phagocytosis of polymorphonu- 
clear neutrophiles and erythrocytes by macrophages resembling 
endothelial cells. Another case of fatal anemia reported both 
by Bartlett (6) and by Rowley (7) showed remarkable phago- 
eytosis of both red and white cells by every variety of normal 
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leucocyte as well as by myelocytes and ‘“‘plasma cells.” Eich- 
horst (8) in a case of typhoid fever noted that for five days the 
peripheral blood contained large cells, which were actively phago- 
cytic for the erythrocytes. He also quotes the finding in 1842 
by Gullivier of ‘‘lymph cells’? containing from one to six red 
blood cells in the circulating blood of a horse dying of phlebitis. 
Phagocytosis of erythrocytes has also been observed in leukemia. 

The conditions under which the observation here reported 
occurred clearly differ from any of those mentioned above and 
no satisfactory explanation can be advanced. It is of interest, 
however, in view of the extensive phagocytosis of erythrocytes 
which takes place in typhoid fever that this instance of transitory 
peripheral phagocytosis of erythrocytes followed the injection of 
typhoid bacilli. 
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Immuno-therapy in typhoid fever has been attempted in many 
ways. While we all realize that one of the most efficient forms 
of any immuno-therapy is by means of passive immunization or 
serum therapy (compare diphtheria, cerebro-spinal meningitis, 
etc.) no really efficacious serum has as yet been produced for the 
typhoid infection. Numerous steps have been taken but none 
have been crowned by success. An attempt was therefore made 
to transfer the active immunity present in convalescent typhoid 
patients to those ill with the disease by means of the blood serum. 
I selected for this treatment only those with the severest infec- 
tions, very high temperature and marked toxemia; in fact at 
the time of admission to the hospital of each of the three cases, 
a most discouraging or hopeless prognosis was given to the 
family. 


Case 1. Boy twelve years old, admitted in the second week of the 
disease. Very sick; muttering delirium; tremendous crop of rose spots; 
dry, red tongue. Spleen enlarged to four fingers breadth below costal 
margin. Was at the hospital for four days before serum was adminis- 
tered. Temperature ranged between 103° and 104°; pulse between 100 
and 128; respirations between 28 and 52. Widal reaction was positive; 
blood culture was negative. The patient received 50 cc. serum subcu- 
taneously on the fifth day of admission, 50 cc. on the sixth day, and 30 
ec. on the seventh day. The serum was obtained from the blood of 
two convalescent typhoid patients in the same ward, one of whom had 
had a normal temperature for two days, the other had a normal 


1 Read before the American Association of Immunologists, Washington, D. C., 
May 11, 1916. 
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temperature for ten days. The beneficial effect of the serum was dis- 
tinctly evident. The general mental condition of the patient improved 
rapidly, the temperature began to decline so that it touched the normal 
mark but with a remission three days after the last serum injection, 
and remained normal six days afterward. The spleen became smaller 
and the boy made a rapid, uneventful recovery. 

Case 2. Man thirty-two years old; admitted in the second week of 
the disease. Very sick; stuporous; difficulty of hearing with left ear. 
Large crop of rose spots. Moist tongue. Spleen enlarged to three fingers 
breadth below the costal margin. Was at the hospital for four days 
before the serum was administered. Temperatures ranged between 
103° and 106° F. Pulse between 90 and 110. Respirations about 26. 
Widal was positive. Blood culture was positive. Received 100 cc. of 
serum intramuscularly on the sixth day and 100 cc. on the seventh day. 
The serum was obtained from two convalescent patients: one had had 
a normal temperature for ten days and the other for twelve days. I 
wanted to administer this serum intravenously but found that the 
patient’s red blood cells were agglutinated by the donors’ sera. In this 
case as in the first the favorable effects of the serum were readily 
observed. The general condition improved, the pulse came down and 
rose to 100 only twice, the temperature dropped about 4° in forty-eight 
hours and touched normal about five days after the second serum 
injection. 

Case 3. Was the sickest of the group and the result was not as 
favorable. Man about thirty years of age; in the third week of the 
disease; a large husky sailor but completely overcome by toxemia; 
delirious. Temperature ranged between 104° to 1053°, pulse above 120 
requiring stimulation; repeated very severe epistaxis requiring packing 
of the anterior and posterior nares and also repeated intestinal hemor- 
rhages; Widal positive. 100 cc. of serum were administered intra- 
venously on the third day after admission; 75 cc. intravenously on the 
fifth day; and 100 cc. subcutaneously on the seventh day; the serum 
was obtained from two convalescent patients whose bloods were tested 
for agglutination and hemolysis against the blood of the patient. One 
of the donors belonged to the same group as the patient, and therefore 
his serum was administered intravenously; the serum from the other, 
who did not belong to the same group, was administered subcutane- 
ously. In this case also, beneficial effects from the serum were notice- 
able. The mental condition of the patient improved and the tempera- 
ture came down but his anemia was very marked; his general condition 
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remained very weak and he took very little nourishment. A large 
spreading abscess of the scrotum and adjacent gluteal region developed, 
which required extensive surgical interference. Several days after- 
ward he died. 


Nicolae and Conseil (1) similarly treated five patients. They 
claim that the duration of the disease was not shortened, although 
certain nervous symptoms seemed to be improved. They used 
only about 130 cc. of serum for each patient, which is less than the 
quantities used above. It is a known rule for serum therapy 
in general that an excess of serum must be employed. This 
fact makes one realize that the above described procedure could 
hardly become general in practice. Typhoid convalescents as a 
rule are in need of all the blood serum they possess. In special 
instances, however, this mode of therapy should be considered. 


CONCLUSION 


The serum from convalescent typhoid patients has been em- 
ployed with distinct benefit in three very severe acute typhoid 
cases. 
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In a previous paper (1), the author demonstrated that practi- 
cally all typhoid fever patients develop complement fixation 
bodies in their blood sooner or later during the course of the 
disease. These antibodies persist during convalescence and for 
along time afterward. The next question of interest was whether 
these bodies are also present in the blood of individuals that 
have been artificially immunized against typhoid fever. While 
the agglutinins and bacteriolysins in inoculated cases have been 
carefully studied, no detailed statistics can be found in the 
literature referring to the complement fixation bodies. Possibly 
this may be explained by the more complicated technique neces- 
sary for the demonstration of these bodies; or (as is mentioned 
by Russel) their presence was taken for granted on account of 
the finding of agglutinins and bacteriolysins, as the latter belong 
to the same class of antibodies; i.e., amboceptors, as do the 
complement fixatives. A closer investigation of the problem was 
therefore undertaken. 

Keeping in mind the observations of Teague and Torrey, (2), 
Raskin (3), Garbat (4), ete., that various strains of the same 
bacteria often differ as to their specific antibodies, the writer 
has always deemed it advisable to employ a polyvalent typhoid 
vaccine made from at least seven or eight different virulent 
strains. These had been isolated from the blood of hospital 
patients. The vaccine is prepared and standardized according 

1Read before the American Association of Immunologists, Washington, D. C.. 
May 11, 1916. 
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to the method of Wright. As a pupil of the English school, the 
writer, during the years 1910-1912, followed the English method 
of prophylactic inoculation; i.e., two injections of larger doses 
were given, the first of 1,000,000,000 and after ten days the 
second dose of 2,000,000,000 microorganisms instead of the three 
smaller doses. Since then the method of three injections (500, 
000,000, 1,000,000,000, 1,000,000,000), was employed. 

Parallel examinations of the agglutination and complement 
fixation tests were made. The former was carried out by the 
hanging drop method with increasing dilutions of the serum; 
(each dilution being mixed in equal parts with a twenty-four 
hours broth culture of typhoid bacillus (Pfeiffer strain) and 
examined microscopically at the end of half an hour.) The 
‘Pfeiffer’ strain (one of the seven strains used in making up 
the vaccine) was chosen for the agglutination test on account 
of its very marked motility and little tendency towards artificial 
clumping. 

The details of the complement fixation test have been outlined 
in a former paper (1). One point must be mentioned. Since it 
had been observed (Raskin, Garbat) that complement fixation 
bodies produced by certain strains of the typhoid bacillus will 
react only when mixed with an antigen made from the same 
strains, the antigen employed in our tests was prepared from the 
same seven strains used in making up the vaccine for inoculation. 

Thirty-eight cases were injected twice (1000 M. and 2000 M. 
respectively). 

In 32 cases only one examination for complement fixation was 
possible: 9 cases were examined 1 year after inoculation; 5 cases 
were examined 2 to 3 months after inoculation; 8 cases were 
examined 1 to 2 months after inoculation; 10 cases were exam- 
ined within the first month after inoculation. The complement 
fixation test was negative in practically all instances. Two gave 
a doubtful reaction. On the other hand the agglutination test 
was strongly positive in all but two instances one year after 
inoculation and ranged from 1—200 to 1—4000. 

Naturally, one may raise the question, in view of later find- 
ings, that some of these patients had possibly developed comple- 
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ment fixation bodies which persisted only for a short period but 
had disappeared at the time of my examination long after inocu- 
lation. The great majority, however, (23 cases) were examined 
within the first three months after the inoculation. 

Nevertheless, to answer this question the second series of six 
cases was selected where several examinations were made in the 
same individual at various intervals after the inoculations in 
order not to miss a transient positive reaction. Of this group 
only one developed a distinctly positive (8+) complement fixa- 
tion test. The other five remained negative although the agglu- 
tination titer was as high as 1—-5000. 

From the above results; i.e., the almost uniform negative find- 
ings after prophylactic immunization (two inoculations method) 
and from the results of my former investigation, that all typhoid 
fever patients develop a positive complement fixation, it seemed 
reasonable to conclude that the complement fixation test may 
prove of assistance in diagnosing or excluding typhoid fever 
in persons sick with a suspicious fever who had been vaccinated 
some time past and still had a positive Widal reaction. A posi- 
tive fixation test would speak in favor of an active typhoid; a 
negative test would speak against typhoid and favor the posi- 
tive Widal as being dependent upon the prophylactic immuniza- 
tion. These experiments were concluded in 1914. 

Felke (5) came to absolutely the same conclusion after examin- 
ing 39 persons vaccinated against typhoid. The agglutination 
test gave nearly constant positive findings while the complement 
fixation test was constantly negative. On the other hand, in 
nine typhoid fever cases and in a few convalescing ones, both 
tests were positive. My experiments, which led me to the same 
opinion, were completed one year before this German article, 
and a radical conclusion would have been as erroneous as Felke’s 
had I published my results at that time and not undertaken still 
another series of cases in whom the American method of three 
inoculations was employed. Fourteen cases were immunized by 
three injections of the polyvalent vaccine at intervals of one 
week. Seven developed no complement fixation test, although 
in some the agglutination was present as high as 1-—10,000. 
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Seven developed a positive complement fixation test. (Noth- 
ing less than 2+ was considered positive.) 

(a) In 2 the reaction persisted for 6 months after inoculation. 

(c) In 2 the reaction persisted for 2 weeks after inoculation. 

(b) In 1 the reaction persisted for 5 weeks after inoculation. 

(d) In 2 the reaction was present 1 week after inoculation but 
repetition of the test was impossible. 

Thus it is seen that the complement fixation test did appear 
in about 50 per cent of cases inoculated three times with a poly- 
valent vaccine. There is however no regularity for its appear- 
ance. The two cases in whom it lasted six months were excep- 
tionally robust individuals, one the porter of the laboratory, the 
other a member of the house staff, formerly a star ball player. 

Still another group of 21 nurses were examined who also had 
received three injections but of a vaccine that was supplied by 
the Health Department of the city of New York and made from 
the standard Army ‘‘ Rawling” strain. None developed a com- 
plement fixation reaction and their agglutination titer was rather 
low in comparison with the two former groups inoculated with 
the polyvalent hospital vaccine. 


DISCUSSION 


The negative complement fixation test after prophylactic ty- 
phoid inoculations is interesting from several standpoints: 

1. The complement fixation bodies do not run parallel with 
the agglutinins. The latter are apparently more easily stimu- 
lated and persist for a longer time. An anology may be found 
in prophylactic meningococcus vaccination. There too the total 
increase of complement fixatives was not as high as agglutinins 
(Sophian (6) ). 

2. It has been shown that prophylactic immunization is regu- 
larly followed by the production of bacteriolysins. The latter 
are amboceptors too, but apparently not identical with com- 
plement fixation bodies. This conforms with the findings of 
Kolmer (7). 
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3. The complement fixation bodies cannot be taken as an evi- 
dence or an index of immunity; clinical experience has shown 
that prophylactic injections protect the very great majority of 
individuals. JI had already shown in a previous paper that a 
serum may possess a high degree of curative properties and yet 
contain no complement fixation bodies (8). 

4. And most important, the reaction or perhaps we may say the 
immunity after an attack of typhoid fever is apparently different 
from the artificially acquired immunity, since the former is in 
almost all instances associated with the production of comple- 
ment fixation bodies. The possible difference in reaction may per- 
haps be accounted for by the fact that during the infection with 
the typhoid bacillus one is being inoculated so to say, first, with 
live bacteria instead of organisms killed by heat, and secondly, 
with a comparatively much greater total number of bacteria than 
in prophylactic immunization. The positive complement fixa- 
tion test in typhoid carriers speaks in favor of this explanation. 

The fact that animals inoculated with dead typhoid bacteria 
develop a strong complement fixation test may possibly also be 
explained on the basis of greater quantity of antigen; for, when 
animals are immunized, very many more bacteria in proportion to 
the body weight of the animal are injected than in the prophy- 
lactic immunization of human beings. Actual experiments prov- 
ing the relationship between the number of antibodies produced 
and the number of bacteria injected in proportion to the body 
weight of the animal are under way. 

Why, however, one individual should react by the production 
of complement fixation bodies sufficient to give a strong reaction 
and others not, cannot be definitely answered. We all have had 
similar experience in immunization of the lower animals with any 
antigen, red blood cells, bacteria or proteins, etc. Under the 
same precautions some would develop numerous antibodies, 
others less and some none. Similar conditions exist also in 
whooping cough. About 40 to 50 per cent of whooping cough 
patients develop complement fixatives, while prophylactic im- 
munization with vaccine produces hardly any (9). 
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SUMMARY 


1. In contrast with the strong agglutination test, a positive 
complement fixation test after prophylactic typhoid immuniza- 
tion is not as regular an occurrence, as it is during or after ty- 
phoid fever. This point may be of aid in deciding for or against 
the diagnosis of typhoid fever in an inoculated individual still 
having a positive Widal and ill with a suspicious typhoid but 
negative blood culture. 

2. A positive complement fixation test was obtained most often 
after three injections with a polyvalent vaccine; two injections 
with this same vaccine or three injections with the single strain 
vaccine (Rawling) gave hardly any complement fixation. 
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In the absence of chemical methods affording complete isola- 
tion and analysis of antibodies, our knowledge concerning the 
structure and properties of these substances is at best but 
approximate. 

Although theoretically the injection of a host with a mixture 
of several proteins may well result in the production of multiple 
antibodies, the extent to which this actually occurs in a given 
instance has not been more than partially determined. Cytol- 
ysis, cyto-agglutination, precipitation, toxin neutralization and 
opsonification, we recognize as among the various evidences of 
antibody activity, but to just what extent each of these activi- 
ties is due to an independent and distinct antibody is far less 
defined than the generalizations of certain theories concerning 
immunity might lead us to conclude. 

As bearing upon this problem I wish to report certain experi- 
mental results, which suggest the co-existence in the same serum 
of two distinct antibodies, each producing its own type of 
reaction. 

The results were incidentally observed in two rabbits serving 
as controls for a series of experiments not here included. The 
animals (A and B) were injected intraperitoneally with 1 cc., 
2 cc. and 2.5 cc. of fresh beef serum on the first, thirteenth and 
twenty-second days, respectively. Both animals were injected 
at the same time and with the same material. Prior to the in- 
jections on the first and thirteenth days and also on the twenty- 
fifth day, both animals were bled (10 ec.) and tests made for 
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antibody content. The sera were tested primarily for their spe- 
cific precipitating action for beef serum, but inasmuch as v. 
Dungern (1), Tschistowitsch (2), and Morgenroth (3) have shown 
that the injection of foreign serum may produce a specific hemo- 
lysin for the erythrocytes of the same species, tests were also 
made as to the presence of a hemolysin specific for beef 
corpuscles. 

The precipitin determination was made by adding decreasing 
amounts of the ‘‘immune”’ serum to tubes each containing 0.2 
ec. of beef serum and sufficient 0.85 per cent NaCl solution to 
bring the total volume of each tube to 2 cc. The hemolysin de- 
terminations were made by adding decreasing amounts of the 
inactivated “‘immune’”’ rabbits’ sera to tubes each containing 1 
ec. of a 5 per cent suspension of beef erythrocytes and 0.05 ce. 
of active guinea pig serum in a total volume of 2 ec. In both 
types of test the tubes were placed at 38°C. for two hours and 
at 12°C. for twenty-two hours; the readings being made at the 
close of the latter period. Tabulated, the results appear as 


follows: 
TABLE 1 


Precipitin test 
BEEF SERUM 0.2 CC. IN EACH TUBE 


RABBIT SERUM First day Thirteenth day Twenty-fifth day 


Rabbit A B A B A B 


0.5 0 0 atest 0 stake ahs 0 
0.375 0 0 APSF 0 SPar 0 
0.25 0 0 =P Sr 0 —--- 0 
0.175 0 0 =f 0 AF 0 
0.125 0 0 aP 0 + 0 
0.075 0 0 ? 0 oF 0 
0.05 0 0 ts 0 ais 0 
0.0375 0 0 0 0 + 0 
0.025 0 0 0 0 ? 0 
0.0175 0 0 0 0 0 0 
0.0125 0 0 0 0 0 0 
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TABLE 2 


Hemolysin test 


eee 


1 cc. 5 PER CENT BEEF ERYTHROCYTES + 0.05 cc. GUINEA-PIG SERUM 


RABBIT SERUM First day Twenty-fifth day 
Rabbit A B A B 
ce. 
0.5 0 0 Complete Complete 
0.375 0 0 Complete Almost complete 
0.25 0 0 Marked Marked 
0.175 0 0 Medium Medium 
0.125 0) 0 Medium Medium 
0.075 0 0 Medium Medium 
0.05 0 0 Medium Medium 
0.0375 0 0 Slight Slight 
0.025 0 0 Slight Slight 
0.0175 0 0 | Trace Slight 
0.0125 0 0 0 0 
Controls 
0.000 0 0 0 0 
Rabbit serum with- 
out guinea-pig serum 
0.5 cc. 0 0 0 0 


As tabulated above the experiments show that the parallel 
injection of beef serum into the two rabbits resulted very dif- 
ferently in the production of a precipitating “‘immune’’ serum. 
The serum of rabbit A displayed a distinct precipitating action 
on the thirteenth day as the result of a single injection and an 
increased precipitating action on the twenty-fifth day as the re- 
sult of three injections. In contrast, the serum of rabbit B, 
showed no precipitating action at any time whatsoever (table 1). 

On the other hand when these sera were tested for hemo- 
lytic action, it was found that in regard to this action the two 
sera were of approximately the same value (table 2). 

Stated in general terms then the parallel injection of beef 
serum into two rabbits resulted in the one instance (A) in a. 
specific hemolytic serum; in the other instance (B) in a specific 
hemolytic and precipitating serum. 
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In explanation of such an occurrence it might be conceived 
that the newly formed hemolytic substance in the one instance 
was distinctly different from that in the other; namely, that in 
animal A the substance that produced hemolysis had no pre- 
cipitating power, whereas in animal B a different substance, 
produced both hemolysis and precipitation. The probability 
of such an explanation appears slight, however, when the speci- 
ficity of antibody reactions is taken into consideration. In 
other words, where the reaction is so specific as is antibody hemol- 
ysis it appears improbable that in two animals of the same spe- 
cies, two specific hemolytic substances would be produced which 
so far differed from one another as to have a powerful precipi- 
tating action in the one instance and none in the other. 

An alternative explanation appears more probable; namely, 
that in both animals the same hemolytic substance was pro- 
duced, but that in addition, in one of these animals (B) there 
was also produced a distinct precipitating substance. It is on 
the basis of this probability that the above experiments indicate 
the independence of two substances producing respectively hemol- 
ysis and precipitation. 


I wish to express appreciation of the interest of Professor 
Preston Kyes in whose laboratory this work was pursued. 
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If virulent pneumococci are injected intravenously in suffi- 
ciently large doses into normal rabbits, they will remain indefi- 
nitely in the circulating blood. Counts made at the end of 
thirty minutes and one hour, for example, will usually show 
about 25 per cent of the total number of injected pneumococci 
still present in the blood-stream. If, however, the same doses 
of pneumococci are injected intravenously into actively immu- 
nized rabbits all but one or two per cent of them will disappear 
from the circulation in from five to seven minutes. The blood 
usually becomes sterile in from ten to fifteen minutes. 

This rapid and complete disappearance of injected pneumo- 
cocci from the blood of actively immunized rabbits has been 
studied by numerous investigators, particularly by Bull (1) of 
the Rockefeller Institute. Bull attributes the disappearance to 
intravascular agglutination of the injected pneumococci, followed 
by a removal of the agglutinated masses by a process of mechani- 
cal filtration by the capillaries of the organs through which the 
blood passes. 

A year ago Kitagawa (2) working in our laboratory showed, 
however, that the process of agglutination and mechanical filtra- 
tion emphasized by Bull is not the only factor operative in this 
removal. 

Kitawaga worked with a highly virulent first-generation growth 
of pneumococci from heart-blood, the growth taking place in 
the presence of rabbit serum. These pneumococci were practi- 


1 Presented before the American Association of Pathologists and Bacteriol- 
ogists, Washington, D. C., May 9, 1916. 
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cally inagglutinable in the serum of immunized rabbits, and also 
inagglutinable in the blood-stream. This latter he showed by 
isolating samples of infected circulating blood between ligatures 
placed about the larger blood vessels. Plates and smears made 
from the ligated samples, at the end of fifteen, thirty, and sixty 
minutes, usually showed no appreciable diminution in the pneu- 
mococcic count, no agglutination, and little or no phagocytosis. 
Nevertheless, these high-resistant, inagglutinable pneumococci 
disappeared promptly and completely from the circulation when 
injected intravenously into immune rabbits. 

Kitawaga concluded from his observation that the disappear- 
ance could not be due to a purely mechanical filtration of agglu- 
tinated masses by the tissue capillaries, but that it necessitated 
some active biological codperation of the capillary cells. 

We have endeavored to determine the nature of this active 
cellular process. 


Methods. We have applied to this determination the method of 
perfusion of isolated organs and tissues. Mixtures of pneumococci, 
active and inactive sera, defibrinated blood, etc. in Ringer’s solution, 
have been repeatedly perfused through organs; plates and smears made 
at the end of each passage and compared with plates and smears from 
control samples of the same mixtures kept at incubator temperature 
and not passed through the tissues. At the end of the perfusion, 
smears and histological preparations were made from the perfused 
tissues. 

The perfusions in all cases have been made at body temperature, 
with a pressure and rate of flow approximately equal to the normal 
blood pressure and rate of flow in the organ or group of tissues studied. 
The volume of the perfusion fluid has usually been 75 ce. to 125 ee., an 
amount approximately equal to the total blood-volume of the rabbit 
tested. From 1 cc. to 2 cc. of a twenty-hour broth culture of pneu- 
mococci have usually been used in the perfusions. 


PERFUSION OF LIVERS 


Method. Afferent cannula in portal vein, efferent cannula in vena 
cava immediately above diaphragm; ligature of remaining portal tis- 
sues and of vena cava immediately below liver; perfusion in situ under 
20 to 30 cm. HO pressure. 


ae 
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If the liver of a normal rabbit is washed free from its con- 
tained blood by a preliminary perfusion with Ringer’s solution, 
and is then repeatedly perfused with a sample of Ringer’s solu- 
tion containing a known number of pneumococci, no diminution 
in the pneumococcic count of the perfusion fluid is observed, 
even after a dozen passages through the liver (A, fig. 1). 

If the liver of an actively immunized rabbit is similarly per- 
fused, the perfusion fluid usually becomes sterile after from two 
to five passages through the liver (B, fig. 1). 


[Haakon } 
I Zoe 3) 5 8 12 OP a2 e3 5 & 12 
Fic. 1. ComMpariIsOoN oF NORMAL AND IMMUNE LIVERS 


A, normal liver, B, immune liver. Preliminary washing with 500 cc. Ringer’s 
solution. Subsequent perfusion with 75 cc. Ringer’s solution containing 2 cc. 
of a twenty-hour broth culture of pneumococcus. Heavy broken lines show 
changes in the number of pneumococci in the perfusion fluids at the end of each 
passage through the liver. In interpreting these results, it is necessary to take 
into account the dilution of the perfusion fluids by the residual Ringer’s solution 
left in the livers after the preliminary washing. The volume of this residual 
fluid is approximately 20 ce. 


Smears and histological preparation made from the perfused 
immune liver now show numerous pneumococci adherent to the 
capillary endothelium. Few if any agglutinated masses are seen, 
and little or no endothelial phagocytosis. 

Phenomenon analysed. The addition of from 1 per cent to 10 
per cent normal rabbit’s serum to the perfusion fluid, causes no 
appreciable retention of the pneumococci by normal livers. The 
addition of similar amounts of Immune serum, however, causes 
the pneumococci to be retained quantitatively by the normal 
liver (fig. 2). 

The amount of immune serum necessary to cause this reten- 
tion is very small. Parallel tests with one serum, for example 
(fig. 3), showed a practically quantitative retention of the pneu- 
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mococci on the second passage through the normal liver with 
1 : 1000 immune serum, a practically quantitative retention by 
the fifth passage with 1 : 10000 immune serum, and a two-thirds 
retention by the twelfth passage with 1 : 100,000 immune serum. 
The agglutination titer of this serum was 1 : 100 with second- 


Di eS) 5 8 12 
Fig. 2. Action oF IMMUNE SERUM 


Normal liver. Perfusion fluid: 1: 100 immune serum in Ringer’s solution. 
Heavy broken line shows changes in the pneumococcic count of the perfusion 
fluid at the end of each passage through the liver. Dotted line shows parallel 
counts of a control sample of same fluid kept at incubator temperature but not 
yet passed through the liver. 


OnIe23 5 8 ZO 2355 8 12 
Fic. 3. TrrratTion oF IMMUNE SERUM 


Normal livers. Perfusion fluids: A, 1: 1000 immune serum, B, 1: 10,000 
immune serum; C, 1: 100,000 immune serum; D, Ringer’s solution (control). 


generation pneumococci; first-generation pneumococci inagglu- 
tinable. 

The retention of the pneumococci by the immune liver (fig. 1), 
therefore, could be wholly accounted for by the existence of a 
small amount of residual immune serum in the liver after the 
preliminary washing with Ringer’s solution. The fact that the 
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pneumococci passed through the liver practically quantitatively 
on the first passage of the perfusion fluid, but were retained in 
large numbers on the second passage, would indicate that the 
retention took place only after an admixture of the perfusion 
fluid and the residual serum. 

Active principle. The active principle of the immune serum 
responsible for this retention is thermostable. Serum heated to 
60°C. for thirty minutes does not appreciably lose its power to 
cause this retention (A, fig. 4). The power is only partially lost 
after heating to 75°C. for thirty minutes (B, fig. 4). 


bp So 
2d 8 12 
Fig. 4. THERMOSTABILITY OF ACTIVE PRINCIPLE 


Normal livers. Perfusion fluids: A, 1: 100 immune serum heated to 60°C. for 
thirty minutes; B, 1: 100 immune serum, 75°C., thirty minutes. Dotted line, 
incubated controls. 


Pneumococci exposed to subagglutinating dilutions of immune 
serum, then freed from serum and repeatedly washed by cen- 
trifugation, and then suspended in Ringer’s solution, are retained 
quantitatively by normal livers (fig. 5). 


Fig. 5. SENsiT1zED PNEUMOcoccI 


Normal liver. Pneumococci sensitized by exposure, at 37°C., for thirty min- 
utes to 1: 400 inactivated immune serum. The agglutination titer of this serum 
was less than 1: 100. Perfusion fluid, Ringer’s solution. Dotted line, incubated 
control. 
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The fact that these sensitized pneumococci pass through the 
liver quantitatively on the first passage of the perfusion fluid, 
but are largely retained on its second passage, is taken to indi- 
cate that, in addition to the specific thermostable substance, a 
relatively large amount of some normal serum component is 
necessary for the retention. This normal serum component is 
apparently furnished by the residual serum of the liver. 

The serum component responsible for the pneumococcic reten- 
tion is, therefore, presumably an opsonin or bacteriotropin so alter- 
ing the pneumococci as to cause their adhesion to the capillary 
endothelium. For lack of a better term, we have referred to 
this substance as an endothelial opsonin. 


PERFUSION OF EXTRA-HEPATIC TISSUES 


Methods. Intestines. Afferent cannula in principal mesenteric artery 
at junction with aorta, efferent cannula in portal vein; double ligature 
of duodenum, rectum, and remaining mesenteric tissues; incision be- 
tween ligatures with cautery; intestines removed from body and floated 
in bath of Ringer’s solution, at 38 C.; perfusion under 80 to 120 cm. 
H.O pressure. 

Kidney. Cannulae in renal artery and renal vein near junction with 
aorta and vena cava; perfusion in situ, 80 to 120 em. H2O pressure. 

Lungs. Afferent cannula in arch of pulmonary artery; immediate 
preliminary perfusion in situ; ligature of aorta and vena cava below 
heart, and of all ascending blood vessels; inflation of lungs and ligature 
of trachea; removal and suspension of heart and inflated lungs; incision 
of left ventricle for escape of perfusion fluid; perfusion under 40 to 60 
cm. H.O pressure. 

Hind quarters. Incision of abdominal wall with cautery; double 
ligature and incision of rectum with cautery; cannulae in aorta and 
vena cava immediately below origin of renal vessels; double ligature 
of ascending collaterals; severance of hind-quarters from rest of body 
with cautery; perfusion under 80 to 120 cm. H2O pressure. 


Similarly to the findings with the liver, pneumococci suspended 
in Ringer’s solution or in dilute (1 per cent to 10 per cent) normal 
rabbit serum, can be repeatedly perfused through the isolated 
lungs, kidney, intestines, and hind-quarters of a normal rabbit 
without appreciable retention by these organs (light lines, fig. 6). 
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In contrast with the liver findings, however, the addition of 
(1 per cent) immune serum to the perfusion fluid will cause no 
appreciable retention of the pneumococci by these organs (heavy 
lines, fig. 6). 


ODE 2503 > 8 OD 2 eas 5) 8 
Fig. 6. Perrusion or Extra Hepatic Tissugs 
A, lungs; B, kidneys; C, intestines; D, hind quarters. Perfusion fluid (heavy 


line):—1: 100 immune serum. Light line, parallel control perfusions with 1: 100 
normal serum. 


The endothelial opsonin, therefore, is apparently operative 
mainly or solely with the endothelial cells lining the liver capil- 
laries (spleen and bone marrow not yet studied). 


DISTRIBUTION OF PNEUMOCOCCI IN ANIMAL BODY 


If (60 per cent to 100 per cent) defibrinated normal rabbit 
blood is used as the perfusion fluid, slight but distinct deposits 
of pneumococci are made in all normal tissues. The deposit is 
most marked in the liver, where it may amount to as much as 
15 per cent to 25 per cent of the pneumococci on each passage 
of the perfusion fluid through the organ (A, fig. 7). 

The addition of a minute dose of immune serum to the defibri- 
nated blood will cause the pneumococci to be deposited quanti- 
tatively in the normal liver (B, fig. 7). 

The opsonin is therefore operative under the usual conditions 
existing in the animal body. 
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Fic. 7. AcTION OF DEFIBRINATED BLoopD 


Normal livers. Perfusion fluid: A, Defibrinated blood; B, defibrinated blood 
+ 1: 100,000 immune serum (compare C, fig.3). Dotted line, incubated controls. 


SUMMARY 


By the application of perfusion methods, an opsonin or bac- 
teriotropin can be demonstrated in antipneumococcic serum, so 
altering pneumococci as .to cause their adhesion to the endo- 
thelial cells lining the hepatic capillaries. 

This opsonin is operative with the liver capillaries in many 
hundred times the dilution necessary to cause agglutination of 
the pneumococci, but is practically inoperative with the extra- 
hepatic capillaries. 
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Intimately associated with the earliest investigations and dis- 
coveries concerning agglutinins and bacteriolysins and being one 
of the first diseases in which active immunization by means of 
a bacterial vaccine was tried on a broad scale, typhoid fever has 
long been the subject of numerous investigations on the nature 
and mechanism of its immunity and particularly that which is 
known to follow efficient active immunization by means of a 
vaccine. 

Since 1896 a large number of different vaccines prepared after 
various methods and regarded as possessing superior immunizing 
power, have been advocated in the prophylaxis of typhoid fever. 
While it has been fully realized that time alone could definitely 
prove the real value of the various vaccines and methods of 
immunization according to the protection afforded as compared 
to the incidence of the disease among the non-immunized living 
under the same conditions, many investigations have been made 
by serum studies in vitro and animal experiments in vivo with 
the purpose of determining the degree of the immunity response 
and the relative value of the different vaccines. 

Following the discovery of von Pirquet of the cutaneous tuber- 
culin reaction and its diagnostic value in this infection, similar 

1 Presented before the meeting of the American Association of Immunologists, 
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studies were made in other diseases among which typhoid fever 
was the earliest. These investigations were conducted with the 
main or sole purpose of determining the diagnostic value of 
opthalmic and cutaneous anaphylactic tests in this disease, and 
with various results and opinions regarding their specificity and 
value. Chantemesse (1) observed characteristic inflammatory 
symptoms following the instillation of typhoid-bacilli extract into 
the eyes of patients suffering from typhoid fever. Kraus (2) 
and his associates found that normal individuals gave similar 
reactions and that typhoid fever patients reacted to bacterial 
extracts other than those of the typhoid bacillus. Zupnik (3), 
Link (4), Deehan (5), Floyd and Barker (6) and Austrian (7) 
have reported favorably upon the diagnostic value of cutaneous 
or opthalmic reactions with monovalent or polyvalent anaphy- 
lactogens of typhoid bacilli prepared in various ways; Wolff- 
Eisner (8), Goodman and Sutter (9) and Chauffard and Troisier 
(10) have reported unfavorably upon their value and specificity. 
Owing to the greater ease of diagnosis of typhoid fever by means 
of blood cultures and agglutination tests and a disinclination of 
the profession to adopt the anaphylactic tests and particularly 
the opthalmic test, these reactions have not been widely used 
in diagnosis. 

More recently Gay and Force (11) have greatly renewed inter- 
est in this subject by advocating the skin test as a means of 
determining defensive activity following typhoid fever or active 
immunization by means of vaccines. Their first work was con- 
ducted with a ‘‘typhoidin” prepared in the same manner as 
Koch’s old tuberculin by cutaneous inoculation; later Gay and 
Claypole (12) prepared typhoidin by precipitating the solution 
with alcohol, washing the precipitate with alcohol and ether, 
drying in a vacuum and suspending the resulting powder in 
phenolized normal salt solution which was injected intracu- 
taneously and applied cutaneously; a control powder was pre- 

ared from broth and used in the same manner. With this skin 
test Gay and his associates have studied the relative value of 
various vaccines and regard the anaphylactic reaction as indi- 
cative of a state of immunity. Nichols (13) has questioned the 
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value of the anaphylactic skin test as an index of immunity and 
regards the reaction as indicating nothing more than sensitiza- 
tion to typhoid protein which is apparently less lasting and less 
specific than the true immunity to this infection. He bases this 
opinion on the fact that in his experience the typhoidin skin 
test gave fewer positive reactions (75 per cent) than generally 
expected, as about 90 per cent of persons who have had typhoid 
fever are immune for many years or even for the balance of life. 
Furthermore, according to Nichols, experience has shown that pro- 
tection following typhoid fever is of longer duration than is indi- 
cated by the typhoidin test and while a large percentage of persons 
who have had typhoid fever or have been immunized with typhoid 
vaccine react to paratyphoidin recent experiences and statistics 
particularly in Europe have indicated that these persons are not 
immune to paratyphoid fever. Kilgore (14) has reported favor- 
ably upon the value of the typhoidin cutaneous test; Austrian 
and Bloomfield (15) found that the test failed to furnish data by 
means of which it was possible to differentiate between those 
who had neither typhoid fever nor had received the vaccine and 
those who had either had the disease or had been immunized. 
Our immediate interest in this subject, in so far as this com- 
munication is concerned, has reference to the typhoidin ana- 
phylactic reaction as an index of typhoid immunity as part of 
a series of studies (16, 17, 18) upon the subject of anaphylactic 
skin reactions in relation to defensive activity. The intracu- 
taneous typhoidin test has been conducted with persons who 
have never had typhoid fever nor the vaccine; persons who have 
had the fever and no vaccine and persons who have never had 
the fever but who had received vaccine. The sera of a number 
of persons belonging to each of these groups were collected 
aseptically and submitted to bactericidal, agglutination and com- 
plement fixation tests. At the present time animal experiments 
consisting in the immunization of rabbits until a cutaneous ana- 
phylactic response to typhoidin could be elicited, followed by a 
test of immunity against a living pathogenic culture injected 
intravenously and into the gall-bladder, have yielded results too 
irregular and inconstant to be of value at present and the fol- 
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lowing report aims briefly to record the results of experiments 
in vitro. 

Many investigators have reached the conclusion that in vitro 
studies on the serum antibodies in typhoid fever are of little or 
no value as an index of immunity and particularly as a gauge 
of the immunity response after active immunization. Topfer 
and Jiffe (19) found bactericidal substances present during and 
after typhoid fever, but the results varied with the technic. 
Tests after Neisser’s method in vitro showed that the sera of con- 
valescents were highly bacteriolytic, while in vivo tests after the 
method of Pfeiffer showed less bactericidal power; also the sera 
of paratyphoids showed strong bacteriolytic power over B. typho- 
sus in vivo, but this activity was not apparent in vitro. Korte 
and Steinberg (20) found bacteriolysins present during and after 
typhoid fever which gradually diminished with the agglutinins. 
Stern and Korte (21) found that a high bacteriolytic content of 
a serum as determined by Neisser’s method, does not necessarily 
indicate an immunity as one of their patients whose serum 
possessed a marked degree of bacteriolytic activity suffered a 
relapse. Klein (22) regards the role of agglutinins and _ bac- 
tericidal substances as doubtful and lays most stress upon the 
opsonins and phagocytosis in the immunity of typhoid fever. 
Russel (23) claimed that it was illogical to gauge immunity 
according to the detected presence of specific antibodies since 
agglutinins, opsonins and bacteriolysins disappear from the sera 
after typhoid fever in a few months and yet immunity lasts for 
several years if not for life. Leischmann (24) in his Harben lec- 
tures, laid most stress upon an increase in phagocytic activity as 
the important phenomenon in typhoid immunity and that this 
may be present when the bactericidal and agglutinin content is 
low and scarcely appreciable. Broughton-Alcock (24) likewise 
subscribes to the importance of phagocytosis by polymorpho- 
nuclear and endothelial cells and minimizes the role of agglutinins 
and bacteriolysins. Weston (25) found the sera of twenty immu- 
nized persons containing large amounts of bacteriolysin as meas- 
ured in vitro, but has not expressed an interpretation of the sig- 
nificance to be attached; Moon (26) and many others have noted 
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an increase of agglutinins after active immunization, but gen- 
erally state that the concentration of agglutinin in the body 
fluids does not run parallel with actual immunity. Gay and 
Claypole (27) lay particular stress upon the role of leucocytosis 
in resistance to typhoid fever and recovery from this infection 
and minimize the role of serum antibodies. These investigations 
have tended to minimize the role of agglutinins and bacterio- 
lysins in typhoid immunity, but it does not appear to us that 
they can be dismissed entirely. While agglutinin itself has prob- 
ably no destructive effect upon typhoid bacilli, it may act in the 
nature of a preparator for bacteriolysis and in this connection 
the agglutinins in general have received added importance as the 
result of Bull’s recent studies in pneumonia showing intravascu- 
lar agglutination. While not all persons react to typhoid vaccine 
with the formation of agglutinins, just as individual cases of 
typhoid fever may show but slight increase in typhoid agglutinin, 
the majority of persons do react with the formation of this anti- 
body, and it has generally been regarded as an index of reaction 
and presumptive evidence that other antibodies may be present. 


METHOD OF STUDY 


Typhoidin tests. Cutaneous inoculation with a typhoidin and its 
control fluid prepared in the same manner as Koch’s old tuberculin 
as described by Gay and Force, yielded unsatisfactory results. All of 
the tests reported in this paper were conducted with the powder ty- 
phoidin and a control powder kindly furnished us by Professor Gay. 
A portion of these powders was suspended in sufficient normal salt 
solution containing 0.25 per cent tricresol so that 0.1 ec. contained 
0.001 or 0.0005 mgm. These amounts were injected intracutaneously 
after preliminary cleansing of the skin of both arms. 

Cutaneous tests were also conducted at the same time with a 1 per 
cent suspension of each powder in tricresolized saline solution. 

All tests were made within two weeks after receipt of the typhoidin 
and the suspensions kept at a temperature near the freezing point dur- 
ing this time. 

Typhoidin reactions. The majority of the cutaneous tests were 
negative with both typhoidin and the control powders ; in cases where 
reactions occurred the area of erythema was slight and in only four 
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instances out of forty-two inoculations could the reaction be regarded 
as definitely positive at the end of twenty-four or forty-eight hours 
on the basis of wider erythema and greater edema at the site of ty- 
phoidin inoculation. 

Extensive reactions usually followed the intracutaneous inocula- 
tions. At the end of forty-eight hours both the typhoidin and control 
sites showed a wide area of faintly outlined erythema or cutaneous 
“blush”? which was difficult to measure and accompanied by much 
edema, heat and pain upon movement of the arm. About the needle 
puncture there was usually a small, wide nodule of more extensive 
edema and deeper erythema. In a few instances the persons com- 
plained of pain in the axilla, but general reactions did not occur or at 
least were not admitted. 

In most instances the reactions to typhoidin were more extensive 
than to the control powder and in view of the difficulty frequently 
encountered in measuring and interpreting the reactions we have 
adopted the following arbitrary method of interpretation: 

a. Result positive (+) when the typhoidin site alone shows a re- 
action or when this site has at least twice the area of erythema and 
greater edema as compared with the control. 

b. Result doubtfully positive (=) when the typhoidin site is of about 
one-third greater intensity than the control site. 

c. Result negative (—) when the reactions represent nothing more 
than trauma or are of about equal degree in regard to erythema and 
edema. 

Persons tested. The cutaneous and intracutaneous typhoidin tests 
were made on a selected group of persons whose clinical histories were 
as definite as could be obtained in reference to typhoid fever in the past. 
The majority of these persons were selected from among medical stu- 
dents and laboratory assistants. All those who had been immunized 
had received the usual course of three injections of a vaccine freshly 
prepared of the army or Rawlings strain of typhoid bacillus in the usual 
manner. 

Sera. Specimens of blood were collected aseptically and the sera 
used in the bactericidal tests after the method of Wright, within four 
hours after collection in order to utilize the native complements of each 
serum. 

Bactericidal tests. The bactericidal power of each serum against 
B. typhosus was studied by means of the method of Wright and some 
of the sera were also tested by the plate method of Stern and Korte. 
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After extensive trials with the above and other methods we have 
finally adopted that of Wright as being best adapted for determining 
the bactericidal power of human sera under ordinary conditions. 
Irregular results are at times observed with the serum of the same 
person at different times, but it utilizes the person’s own complement 
and lessens the influence of agglutinins which are responsible for wide 
errors in the plate method by reason of the fact that a clump of living 
bacilli may be rated and counted as one colony and thereby increase 
the apparent bactericidal power of a serum. In our experience this 
method is not adopted for measuring the bactericidal power of the sera 
of immunized animals because it depends upon using a volume of un- 
diluted serum with an equal volume of culture and measuring the bae- 
tericidal power according to the number of bacilli killed and even an 
undiluted twenty-four hour broth culture may contain too few bacilli 
to exhaust the bactericidal substances in an equal volume of undiluted 
serum. . 

In this work ten dilutions of a twenty-four hour culture were used as 
flaws undiluted) Lbs 110) 1: 20. 13405) 1b: 100; 12250. 1: 500; 
1: 5000 and 1: 50,000. 

In all other respects this test was conducted as described by Wright 
(28). 

Agglutination tests. The macroscopic technic was used throughout 
with a culture of B. typhosus from Gay, also with the Rawling’s strain 
and a strain that has been in use in agglutination work in the Bacter-. 
iological Laboratory of the Bureau of Health of Philadelphia for a 
number of years. Dilutions higher than 1: 2500 were not employed; 
the results observed with these particular strains were fairly parallel. 

Complement-fixation tests. Complement-fixation tests were conducted 
with an anti-sheep hemolytic system and two typhoid antigens pre- 
pared by suspending washed agar cultures in normal salt solution con- 
taining 0.5 per cent phenol. These antigens were titrated before the 
complement-fixation tests and used in amounts corresponding to one- 
third their anticomplementary units. 

The Wassermann reactions were conducted with three different 
extracts, namely, an alcoholic extract of human heart re-enforced with 
cholesterin; an alcoholic extract of syphilitic liver and an extract of 
acetone insoluble lipoids of human heart. 

All reactions were read immediately after the secondary period of 
incubation. ah 
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RESULTS 


I. Bacteriolysis in vitro in relation to the anaphylactic skin reaction 
to typhoidin. 


The results of the skin tests and a study of the sera for bac- 
tericidins, agglutinins and complement-fixing antibodies in the 
three groups of cases are shown in tables 1, 2 and 3. 

a. Normal human sera. Normal human serum from persons 
who have never had typhoid fever or vaccine was found to possess 
a high degree of bactericidal activity over B. typhosus as meas- 
ured by Wright’s method and shown in table 1. 

Not infrequently normal sera were able to kill all of the bacilli 
contained in an equal volume of undiluted serum during an 
exposure of twenty-four hours. For purposes of comparing the 
degree of bactericidal activity with the results of the skin and 
other tests, we have arbitrarily accepted as evidence of marked 
bacteriolysis complete sterility in all pipets and as slight bac- 
teriolysis when growths appeared with any of the dilutions of 
cultures. It will be noted, however, that all sera proved bac- 
tericidal in the higher dilutions of culture as in all instances an 
equal volume of sera and culture diluted 1 : 50 to 1 : 50,000 in 
an exposure of twenty-four hours, resulted in sterility. 

As shown in table 1, all of these persons showed some reaction 
to the intracutaneous injection of typhoidin and its control and 
in some instances these reactions were well marked. According 
to our method of interpretation the typhoidin test was positive 
in two persons, or 20 per cent. 

As shown in table 4, which summarizes the results of the 
skin and bactericidal tests according to the arbitrary standard 
adopted, there was found no relation between the two phe- 
nomena although the sera of six of the ten persons giving nega- 
tive typhoidin reactions were less active bactericidally. 

b. With the sera of persons who have had typhoid fever. As 
shown in table 2, the majority of these persons who had had 
typhoid fever from one to fourteen years previously reacted posi- 
tively to typhoidin and its control. 
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TABLE 4 

Relation of bacteriolysin (in vitro) and typhoidin skin reaction among normal 
persons 

MARKED MARKED SLIGHT SLIGHT 
TOTAL BACTERICIDAL AND | BACTERICIDAL AND | BACTERICIDAL AND | BACTERICIDAL AND 
a NEGATIVE SKIN POSITIVE SKIN NEGATIVE SKIN POSITIVE SKIN 
TEST TEST TEST TEST 
10 2 il 6 1 


In six or 60 per cent the typhoidin reactions were regarded as 
positive; the relation of the bactericidal power of the serum to 
the results of the skin tests according to our arbitrary interpre- 
tation is shown in table 5: 

TABLE 5 


Relation of Bacteriolysis (in vitro) and typhoidin skin reactions among persons who 
have had typhoid fever 


MARKED MARKED SLIGHT SLIGHT 
No. BACTERICIDAL AND | BACTERICIDAL AND | BACTERICIDAL AND | BACTERICIDAL AND 
NEGATIVE SKIN POSITIVE SKIN NEGATIVE SKIN POSITIVE SKIN 
TEST TEST TEST TEST 
10 3 4 1 2 


While the bactericidal activity of the sera of these persons and 
the percentage of positive skin reactions were in general higher 
than observed among normal persons, a high bactericidal power 
of the serum and a positive skin reaction occurred together in 
but 40 per cent of this small series. 

c. With the sera of persons who have had typhoid vaccine. The 
results observed among twenty-two persons who had received the 
full course of vaccine injections at various times before these 
tests were made is shown in table 3. 

In 13 or about 60 per cent the typhoidin tests were regarded 
as positive; the relation of the bactericidal activity of the sera 
to the skin reactions are summarized in table 6: 


TABLE 6 


Relation of bacteriolysis (in vitro) and typhoidin skin reactions among persons who 
have had typhoid vaccine 


MARKED MARKED SLIGHT SLIGHT 
No BACTERICIDAL AND | BACTERICIDAL AND | BACTERICIDAL AND | BACTERICIDAL AND 
: NEGATIVE SKIN POSITIVE SKIN NEGATIVE SKIN POSITIVE SKIN 


TEST TEST NEST TEST 


Es | 2 
22 4 8 5 | 5 
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While immunization may be said to have increased the bac- 
tericidal power of the sera of some of these persons and cer- 
tainly resulted in sensitizing a number to typhoid protein, there 
was found no constant relation between the results of the skin 
tests and the bactericidal power of the sera. 

Bacteriolysis in vitro by the plate method. A number of sera 
were tested in dilutions ranging from 1 : 100 to 1 : 204,800 by 
the method of Stern and Korte with a 1 : 200 dilution of a 24 
hour broth culture, but the results were quite irregular. The 
sera of a number of guinea-pigs used as complement was found in 
a dose of 0.5 ec. of a 1 : 10 dilution to possess some bactericidal 
power over B. typhosus and thereby introduced an element of 
error. Our controls were uniformly satisfactory and culture con- 
trols showed innumerable colonies, but the difference in counts 
was not uniform. Not frequently and particularly with the sera 
of persons recently immunized, a few colonies were found ina 
whole series of plates containing the full series of dilutions and 
while showing thereby evidences of a bactericidal power of the 
serum even in the 1 : 204,800 dilution, the graduations in bac- 
tericidal activity according to the dilution of serum were not 
even approximately in evidence. While it is not possible to 
correlate closely the results of this method and that of Wright, 
because the former employs a constant dose of culture with dilu- 
tions of serum and the complement of an alien animal and the 
latter a constant dose of undiluted serum, native complement 
and dilutions of culture, our results show that in general the 
bactericidal action of the same serum was in evidence or absent 
in both methods. 


II. The relation of agglutination to the typhoidin skin reaction. 


The results shown in tables 1, 2 and 3 may be summarized as 
follows: 

1. Of the serum of ten normal persons two gave partial agglu- 
tination in dilution of 1 : 20; one of these persons gave a positive 
skin reaction while the second did not (table 1). 

2. Of the sera of ten persons that had had typhoid fever one 
to fourteen years previously, six gave agglutination in dilutions 
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ranging from 1 : 20 to 1 : 640 (table 2); of these four gave posi- 
tive skin reactions while two did not. 

3. Of the sera of twenty-two persons that had received typhoid 
“vaccine at various times preceding these tests, 21 gave aggluti- 
nation in dilutions varying from 1 : 40 to 1 : 2500 (higher dilu- 
tions not employed); of these, 13 gave positive skin reactions and 
9 did not. 

In our experience agglutinins are present in the blood serum 
of the majority of persons reacting positively in the skin test, 
but there is no definite relation between the two as either may be 
in evidence in the absence of the other. 

Agglutinins were most in evidence in the sera of immunized 
persons (table 3), and particularly among those that had been 
immunized within a year of the time these tests were made. 
After two or three years the agglutinin titer fell and likewise the 
percentage of positive typhoidin reactions. 


III. The relation of complement-fixation to the typhoidin skin 
reaction. 


The results shown in tables 1, 2 and 3 in this connection may 
be summarized as follows: 

1. The sera of ten normal persons did not absorb complement 
with typhoid antigen; two of these persons gave a positive 
typhoidin reaction (table 1). 

2. Of the sera of ten persons that had had typhoid fever four 
gave weak complement-fixation with one or both typhoid anti- 
gens; two of these persons gave positive skin reactions while 
two did not (table 2). 

3. Of the sera of twenty-two persons that had received typhoid 
vaccine, ten gave positive complement-fixation reactions with 
one or both typhoid antigens; seven of these persons gave posi- 
tive skin tests while three did not (table 3). 

The majority of the complement-fixation reactions, and par- 
ticularly the stronger of these reactions, occurred with the sera 
of immunized persons and especially those that had received 
vaccine within a year of the time when these tests were made. 
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According to our experience the majority of complement-fix- 
ation reactions occurred with the sera of those persons that gave 
positive typhoidin reactions and particularly among the immu- 
nized individuals, but there is no definite relation between the 
two phenomena as skin reactions may occur among persons 
whose sera do not absorb complement with typhoid antigen 
and vice versa. Probably if a polyvalent typhoid antigen had 
been used as suggested by Garbat and others a higher percentage 
of positive complement-fixation reactions might have resulted, 
but it was our purpose to work with the same monovalent anti- 
gen as was used in the agglutination tests. 

Agglutinins are present or, at least, are detected in a larger 
percentage of sera than are complement-fixing antibodies. In 
this series of 42 persons agglutinins were present (dilutions 1 :20 
and higher) in about 70 per cent and complement-fixing anti- 
bodies in about 33 per cent. 
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While our series of tests with powder typhoidin and its con- 
trol is too small to draw any conclusions, our results and experi- 
ence may be summarized as follows: 

1. Both are quite irritant when injected intracutaneously in 
amounts of 0.001 and 0.0005 mgm. The smaller of these doses 
of both typhoidin and the control powder produced reactions in 
normal persons, but the reactions were less severe. 

2. It is not clear what causes these non-specific reactions, but 
it is suggested that substances from the culture media may be 
responsible comparably with the pseudoreactions that may fol- 
low the intracutaneous injection of plain broth or that used in 
the preparation of the toxin for the Schick test. It is also prob- 
able that soluble toxic substances of typhoid bacilli in the nature 
of endotoxins, may be responsible and that a purer typhoidin, 
freed as far as possible of toxic substances and composed of the 
typhoid protein alone, may yield sharper and more specific results. 
One of us (Kolmer) with Dr. Matsunami is endeavoring at the 
present time to produce an anaphylactogen of this character. 
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3. While we naturally hesitate to discuss the reactions in view 
of the marked irritant or non-specific reactions following the 
injection of the control powder, our results may be given as 
follows, as based upon the method of interpretation mentioned 
in the earlier part of the paper: 


TABLE 7 
Results of typhoidin skin tests 


POSITIVE NEGATINE 


eater FOTAL REACTIONS | REACTIONS 


Normale ee eee ie Senco Oe ee ea toa ete 10 
‘yphoidl tov8 years: ago a0 5. 4: tsaels ieee 5 
Ay MNGi SghON A, YCATS CUE Os. oye atm pious = acto rey 5 
Wisc cine awit hin nyeaneae seen ae ose acme sete oe 15 
Waccinert toms years A205). 49) e+ ee sion een if 


— 
Non ® bl 
oor we 


Among the ten persons that claim never to have had the fever 
and that are known not to have received vaccine, the two persons 
giving positive skin reactions may, of course, have had an un- 
recognized attack of the fever, but this is not probable. Hyper- 
sensitiveness is apparently more lasting after typhoid fever than 
after active immunization with a vaccine; in our experience 
cutaneous anaphylaxis rapidly diminishes after the first year 
following immunization. 


DISCUSSION 


In accepting the evidence of cutaneous anaphylaxis as an 
index of defensive activity or immunity to bacterial infection, 
two theories regarding the mechanism of the immunity may be 
entertained. 

First, the cutaneous anaphylactic reaction may be taken as 
an index that the body cells have been brought in contact with a 
certain bacterial protein and that in addition to the production 
of the anaphylactic state, antibodies of a protective and curative 
nature are produced; furthermore that as long as the anaphy- 
lactic state is demonstrable these antibodies may be assumed 
to be present in the cells and body fluids. According to this 
theory the anaphylactic antibody may be entirely within the 
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cells and the reaction cellular, while the protective antibodies 
may be either within the cells, in the body fluids or both. 

Secondly, the same mechanism and antibodies responsible for 
the cutaneous anaphylactic reaction may be capable of attacking 
and destroying the living microérganism and represent therefore 
true antibodies. This theory would correspond more closely 
with the humoral or chemical theory of anaphylaxis which is 
being attacked by an increasing number of investigators. 

Personally we subscribe to the theory first mentioned and look 
upon the typhoidin and other cutaneous anaphylactic reactions 
as indicating in themselves nothing more than sensitization to 
a particular complex protein; at the same time this condition of 
cutaneous anaphylaxis may be co-incident with the presence of 
protective and curative antibodies or a condition of the body 
cells prepared to furnish these upon stimulation through the 
presence of the living microérganism or its products. In this 
manner the anaphylactic reaction and the typhoidin reaction in 
particular, may be regarded as an indicator of immunity in the 
same manner as investigators for years have looked upon the 
typhoid agglutinin, but our own investigations indicate that 
cutaneous anaphylaxis cannot be accepted as direct or reliable 
evidence of actual immunity any more than the agglutinins in 
the same capacity. 

While the role of agglutinin and bacteriolysin in typhoid 
immunity has been minimized, yet it is generally agreed and 
supported by our own experiments, that both are present in the 
body fluids in the majority of persons during and for some time 
after typhoid fever and after immunization. Likewise our ex- 
periments show that these antibodies and particularly the agglu- 
tinin, are especially likely to be present in the sera of those 
persons showing typhoid hypersensitiveness, and while there 
is no close relation between the skin reaction and the bactericidal 
substances as studied in vitro, this may be due to faulty technic 
rather than actual conditions. 

Sufficient time has not yet elapsed to judge of the ultimate 
value of typhoid immunization and of the skin or agglutination 
test as an index of immunity. While animal tests have proven 
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successful in the hands of Professor Gay and others in deter- 
mining the relative value of typhoid vaccines (29), we have not 
so far been able to obtain definite results bearing upon the sub- 
ject at hand. Immunized animals, which do not give a skin 
reaction show considerable protection against the intravenous 
injection of a pathogenic strain, but their sera likewise shows a 
high agglutinin and bacteriolys in titer; at present we are endeav- 
oring to immunize rabbits sufficiently to yield a skin reaction 
and test their protection and agglutinin and bacteriolysin con- 
tent at varying times after cutaneous anaphylaxis has disap- 
peared. In this manner more definite information may be ob- 
tained of the value of cutaneous anaphylaxis as an indicator of 
immunity. 
SUMMARY 


1. While the bactericidal power of human sera over B. typhosus 
is increased in a proportion of persons following typhoid fever 
or active immunization with a vaccine, there is no direct relation 
between the typhoidin skin reaction and the results of bac- 
tericidal tests in vitro. 

2. Agglutinins or complement-fixing antibodies or both are 
present in the blood serum of the majority of persons reacting 
positively in the skin test and particularly among those actively 
immunized, but there is no definite relation between these as 
either may be in evidence in the absence of the other. 

3. Powdered typhoidin and its control produces severe reac- 
tions when injected intracutaneously in doses of 0.0005 to 0.001 
mgm.; these reactions and particularly that produced by the 
control, render the reading and interpretation of the test quite 
difficult and subject to much error. 

4, Cutaneous anaphylaxis to typhoidin was found apparently 
to persist for a longer time among those who have had typhoid 
fever than among those actively immunized with the vaccine. 
Among the latter the highest percentage of reactions was found 
during the first year following immunization. 

5. While the typhoidin reaction indicates sensitization to ty- 
phoid protein, there is not yet sufficient evidence to warrant its 
acceptance as an index of immunity in typhoid fever. 
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Although numerous investigations have been made on the 
subject of antibodies and immunity in syphilis, our knowledge 
is quite imperfect and incomplete. It is the opinion of Neisser 
and Bruck (1) and others that true immunity in syphilis has not 
been demonstrated and probably does not exist. However, with 
the isolation of treponema pallidum in pure culture by Noguchi 
more accurate studies were possible, and agglutinins for cultures 
of pallida have been demonstrated by Kolmer (2) in the sera of 
immunized rabbits and by Nakano (3), Kissmeyer (4), Zinsser 
and Hopkins (5) and Kolmer, Broadwell and Matsunami (6) in 
the sera of immunized animals and human syphilitics. The first 
syphilis antibody discovered was that concerned in the absorp- 
tion of complement with lipoidal tissue extracts by Wassermann 
and Bruck and Detre in 1905 and by Noguchi in 1912 with 
antigens composed of pure cultures of treponema pallida. 

On the basis of work done prior to 1911 with emulsions of 
tissues rich in pallida, Neisser and Bruck expressed the opinion 
that parasiticidal antibodies do not occur in the course of syphilis; 
recently Zinsser and Hopkins (7) have shown that the sera of 


1 Presented before the meeting of the American Association of Immunologists, 
May, 1916. 
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rabbits and sheep immunized with a pure culture of pallida 
developed spirocheticidal antibodies for culture pallida, but later 
Zinsser, Hopkins and McBurney (8) showed that these anti- 
bodies had practically no action for virulent treponemata ob- 
tained directly from lesions. 

From the standpoint of lytic immunity in syphilis, the deter- 
mination of the presence or absence of treponemicidal substances 
in the body fluids in this disease is of considerable importance, 
and this constitutes the chief object of the present study as 
based upon treponemicidal tests 7 vitro with a culture of pallida. 

As part of a series of studies bearing upon the question of 
anaphylactic skin reactions in relation to immunity, the luetin 
test was performed on a large series of persons, mainly those in 
the tertiary and latent stages of syphilis and showing involve- 
ment of the tissues of the central nervous system. The sera of 
a number of these persons yielding typical luetin reactions of 
varying degrees of severity; also the sera of syphilitic persons 
yielding negative luetin reactions and the sera of normal non- 
syphilitic persons were tested for treponemicidal activity in vitro 
and also for agglutinin and complement-fixing power, in order to 
determine the relation, if any, between the occurrence of the 
anaphylactic skin reaction and the presence or absence of these 
antibodies. 


METHOD 


Luetin tests. These were conducted with Noguchi’s luetin so diluted 
with sterile normal salt solution that 0.1 cc. contamed the dose indi- 
cated. The reactions were read at the end of forty-eight hours after 
injection and watched for some time longer for later developments. 
As pointed out recently by Sherrick (9), normal persons taking potas- 
sium iodide may yield reactions to the intracutaneous injection of luetin. 
We have been able to confirm this discovery, the results of our investi- 
gation being given in another communication (10), but here we wish 
to state that none of our patients nor the normal persons used as con- 
trols were taking iodides at or near the time of these tests. 

Only those persons were selected for further study who gave well 
marked positive or definitely negative reactions. 

Blood was collected aseptically and in the treponemicidal tests the 
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sera were-used within sixteen hours in order to utilize the patient’s own 
complements. 

Persons studied.2) Normal non-syphilitic persons were selected from 
among laboratory assistants and medical students; for syphilitic persons 
we have mainly selected those in the late stages of the disease and par- 
ticularly those suffering with clinically well defined paresis, because 
this disease has been so definitely established as due to syphilis by 
Noguchi and Moore, Wile and others, living spirochetes being obtained 
from the brain tissue, and the blood and cerebrospinal fluid Wassermann 
reactions being strongly positive in practically all cases. In other 
words, this group of cases seemed to us best suited for these treponemi- 
cidal studies, particularly so since other antibodies as pallida agglutinin 
and Wassermann antibody are present in well marked degree and many 
cases yield positive luetin skin reactions. 

Culture. A considerable part of the work and all of that reported 
herein, was conducted with Dr. Zinsser’s strain A of pallida cultivated 
anerobically in ascites broth over slants of Dorsett’s egg medium. 
After three to four weeks good growths were secured, which, after 
removal, brief shaking and brief centrifugalization were diluted with 
sufficient sterile salt solution until from eight to twelve active trepone- 
mata were found to each field as examined by dark field illumination. 
This number of treponemata has been found by Zinsser and Hopkins 
not so large as to obscure the possibility of a positive result, in that 
incomplete killing could not be differentiated from absolute failure to 
kill, while furnishing a sufficient number to render the results definite. 
In our experience the number used fulfills the object of delicacy and 
particularly so under the conditions of the treponemicidal tests as we 
have been required to repeat the work with sera when the number of 
treponemata used were less and too few to give uniform growths in 
the controls. 

Treponemicidal tests. We have practically followed the technic em- 
ployed by Zinsser and Hopkins with rabbit immune serum; all sera were 
used within sixteen hours after collection, being kept on ice from the 
time of bleeding until these tests were set up, in order to utilize the 
person’s own complements. Each serum was tested in duplicate as 
follows: Into a series of sterile test tubes varying amounts of serum 


2 We are greatly indebted to Dr. J. Allen Jackson and Dr. Immerman, chief 
resident and assistant resident physicians respectively in the Department for 
the Insane, Philadelphia General Hospital, for their coéperation and the clinical 
facilities afforded us in this work. 
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and pallida culture were mixed and the total volume brought up to 
1.0 ce. with the addition of sterile normal salt solution: 

Tube 1. 0.1 cc. serum and 0.1 ce. culture. 

Tube 2. same as No. 1 (duplicate). 

Tube 3. 0.2 cc. serum and 0.2 cc. culture. 

Tube 4. same as No. 2 (duplicate). 

Tube 5. 1.0 cc. serum and 0.5 cc. culture. 

Tube 6. same as No. 5 (duplicate). 

In the first four tubes of each set equal parts of serum and culture 
were used; in the remaining two tubes the amount of serum was double 
that of the culture (salt solution omitted). 

In all experiments from six to twelve culture controls, 0.1, 0.2 and 
0.5 ec. culture being used with sufficient sterile salt solution to make 
the total volume 1.0 cc., were included. 

All tubes were gently shaken and incubated at 37° C. for 2 to 3 hours, 
when a small piece of sterile rabbit kidney and 8 cc. of ascites-agar were 
added to each tube followed by a layer of sterile paraffin oil. 

After eighteen to twenty-four days incubation and when all of the 
controls showed good growths of pallida, all tubes were examined with 
dark field illumination. In case the controls were sterile or irregular 
the results were excluded and the work repeated. 

We have made no attempt to judge a diminution in the number of 
treponemata, as the number found in a preparation as examined by 
dark field illumination will vary in the same tube according to the level 
from which the preparation is made. 

Agglutination tests. The macroscopic technic was employed as de- 
scribed in a previous communication (6) with ascites broth cultures of 
the same culture of pallida and in dilutions varying from 1 : 2 to 1 : 80; 
the results were read after 2 hours’ incubation and standing in arefriger- 
ator over night and always with the aid of dark field illumination. 

Complement-fixation tests. Each serum was submitted to the Wasser- 
mann reaction with three lipoidal extracts, namely, an alcoholic extract 
of human heart re-enforced with cholesterin (C. H.), an alcoholic extract 
of syphilitic liver (S) and an extract of acetone-insoluble lipoids of 
human heart (A). Luetin was also used as an antigen after preliminary 
titration and in dose equivalent to one-third the anticomplementary 
unit. 

In all tests the results were read and recorded immediately after the 
second period of incubation. 
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RESULTS 


I. Treponemolysis by human sera in vitro in relation to the ana- 
phylactic skin reaction to luetin 


Treponemicidal, agglutinating and complement-fixing properties 
of normal human serum. The results observed with the sera of 
seven healthy non-syphilitic adults are shown in table 1. 


TABLE 1 


Treponemicidal properties of normal human serum; also agglutinating and 
complement-fixing properties 


COMPLEMENT- 


AGGLUTINATION TESTSt NGOS TREE 


LUETIN TREPONEMICIDAL 
SKIN TEST TESTS* 


1:2 | 1:5 |1:10] 1:20] 1:40] 1:80/@@ Jc. H) s | A 
Negative | Good growths | — 
Negative | Good growths} + |—|—/]—|]/—/]—|—-—]—-—|-]|- 
Negative | Good growths | — 
Negative | Good growths} = |—|—}]—|]—|]—|]—-—|]—-|-/]- 
Negative | Good growths | + 

Negative | Good growths} — |—|—]|—|]|—|]—-—|—-—|—-—|-|]- 
Negative | Good growths | — | — 


| 
| 
| 
| 
| 
| 
| 
| 
| 


NOP WD DF 


* All controls showed good growths; all tubes including duplicates in the 
treponemicidal tests showed good growths that were equal to the controls. 

t— = no evidences of agglutination; + = partial agglutination; + =well 
marked agglutination. 


In most instances the luetin skin tests produced a very small 
nodule and area of erythema, which had largely disappeared in 
forty eight hours and were regarded as negative reactions. 

With each serum there were no evidences of treponemicidal 
activity; the partial agglutination of pallida in the lowest dilu- 
tion of serum (equal parts of serum and culture) corresponds 
exactly with the results of our previous work on the agglutina- 
tion of this strain of culture pallida by the sera of normal per- 
sons (6). In all instances the complement fixation tests were 
negative with all antigens including the delicate cholesterinized 
extract. 

Treponemicidal, agglutinating and complement-fixing properties 
of the sera of paretics in comparison with the anaphylactic skin 
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reactions to luetin. As previously stated, these patients were 
selected particularly in this investigation because paresis has 
been so firmly established as syphilitic and as the concentration 
of antibodies is most likely to be found in the body fluids in this 
disease. The results observed with the sera of twenty-three 
paretics are shown in table 2. 


TABLE 2 


Treponemicidal properties of human serum in paresis; comparative results of the 
luetin, treponemicidal, agglutination and complement-fixation tests 


AGGLUTINATION TESTS COMPLEMENT-FIXATION TESTS} 
No pala TREPONEMICIDAL ee 
ee or 1:2] 1:5 {1:10|1:20/1:40/1:80| 42"). H. s A 
IS Good growths “|| --| eh ==} = |=) = + _ _ 
2) - Good. growths \)-F) 4A) <6) 46) Se) a de ae ei oe sect ole 
3] ch Good; growths...)=2)) F) Eh |e) i eat ate ip ee 
44 — Good growths |) <5) sh) =) —| —) =) Se eet ee ot 
a Good growths: | -E) =F), =| =|) =| (= [Fea ae ete ge 
Glin Good growths, \/-F) =i +e) s-| 6] =] de [ast [ate ale 
Ay Good growths |)-F) =| =) —|-=) =) ae aes ae a | ct 
Slee Good growths | —| —| =| —| —| —| — | ++ ++ ++ 
9) 4--— | \Good growths: |---| ste) ey) | et ete | tet 
10), ---- |), Good growths. | =-|\-=| a5) =) ||, tte te est 
i Good: growths | =-]-4-) +-| +4) =i =| — + — = 
12} — Good: growths) \s-1 -E), |) 4, ae [eee ste ee 
1) = Good growthsei|==) =) — ya — 1 + — _ 
144 — Good growths: | =+) +6} <6) 0-1) 4] -E) eee iat 
1) Good:growshs: |e Fies-lee\ | te) | = + + + 
16 Good growths | +] +} +) +] +}/ -| 4+ |444+4+| - — 
17) ---+ |) (Good growths’ |) =F] --) =F) A) =] | = PPR tt 
18) — Goadsgrowths! 45) | ance |S) —| > [seas ae “Eat 
Dai Good growths. ice} se) t-|)—) =|, —| = eat a 
20) ++ Good growths | 4-| +). =| =| —| —! = [ae bla ao ee 
21) +--+ || “Good growths | —F) +=] =+-| —| —| —}) © |) = ata 
23) =i) "Good! growths. |<) =| =| =| = |peapae a Se 
atte tate Gabe} al =) Itech si -otel 4 ec 


23} + Good growths 


*In the luetin tests + = papular reaction; +-+ = severe papular or pus- 
tular reaction; — = negative reaction. 


+ +++-+ = complete inhibition of hemolysis (strongly positive). 
+++ = 75 per cent inhibition of hemolysis (moderately positive). 
++ = 50 per cent inhibition of hemolysis (weakly positive). 
+ = 25 per cent inhibition of hemolysis (weakly positive). 
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An examination of this table shows the following: 

1. In no instance were there any appreciable evidences of a 
treponemicidal action of these sera. In every case and in each 
tube including the duplicates, good rich growths of treponemata 
were found comparable in numbers and vitality and in evidences 
of proliferation to the treponemata in the numerous controls. 

2. About 56 per cent of these patients yielded positive luetin 
reactions of varying degree as indicated, but the sera of all, 
irrespective of the results of the anaphylactic skin tests, failed 
to show any appreciable lytic effect upon the culture of pallida 
employed. 

3. If agglutination in dilutions of 1 : 5 and higher is regarded 
as evidence of the presence of immune agglutinin for this par- 
ticular culture of pallida, the sera of all but two patients or 91 
per cent showed the presence of an appreciable amount of agglu- 
tinin, the extent of agglutination being shown in the table. 

4. The sera of all reacted positively in the Wassermann reac- 
tion, although three sera were positive with the cholesterinized 
extract alone, which demonstrates the superior antigenic sensi- 
tiveness of these extracts. With 9 sera or about 40 per cent, 
weak complement-fixation was observed with the antigen of 
luetin. 

Treponemicidal, agglutinating and complement-fixing properties 
of sera in tertiary and latent syphilis in comparison with the ana- 
phylactic skin reactions to luetin. The results observed with the 
sera of twelve persons of whom the clinical history, laboratory 
tests or luetin reaction indicated tertiary or latent syphilis, 
mainly involving the tissues of the central nervous system, are 
shown in table 3. 

Among these cases the percentage of positive luetin reactions 
was higher than shown in table 2, but in no instance were there 
any appreciable evidences of a treponemicidal activity on the 
part of the sera. 

The sera of the majority of these patients showed the presence 
of appreciable amounts of agglutinin for pallida cultureasshown 
in the table and yielded positive Wassermann reactions particu- 
larly with the cholesterinized extract. 
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Treponemicidal properties of human serum in tertiary syphilis; comparative results of the 


luetin, treponemicidal, agglutination and complement-fixation tests 


AGGLUTINATION 


i TESTS COMPLEMENT-FIXATION TESTS 
NO. DIAGNOSIS Bs | bora elo aa SSaisele 
ef e/S/S/E SE) cu) eee 
1 | Tabo-paresis | + | Good growth |+|—|—|]—|—|—] + J+++4+]/4+++4+-4]44+4++4+ 
2,| Tabo-paresis | — | Good growth. \--\-|FJ=|=|—| = bse ee | eee 
3 | Tabes dorsalis|+-+| Good growth |+|+|+/+/—|—| — ae = pee 
4 | Cerebrospinal 
syphilis..... ++) Good growth |+)+)+/+|—|-—|++/4++4++|4++4+4+]/4+4+++4+ 
5 | Cerebrospinal 
syphilis..... + | Good growth |-+|}—|—|—|—|— ey | ee EE Rea 
6 | Depressive | 
mania. .....- + | Good growth |+/+/+/+/—/-]| — a = = 
7 | Dementia pre- 
COXSAAE PE ++) Good growth |+|+|+=/—/—|-| — = = = 
8 | Dementia pre- 
COXS eee — | Good growth |+|)+/+]—|—|-—| — ae = es 
9 | Dementia pre- 
COM at aoe + | Good growth |+/+/—|—|-—/-| — - = = 
10 | Dementia pre- 
CONS SF cnc ++} Good growth |+/+|+/+/+/+| — = = = 
11 | Dementia pre- 
COXA Ae + | Good growth |+|+|}—|/—|-—|-—| — =f. = = 
12 | Aortic disease |++| Good growth |+|+/+]—|—|—| + |++4+4+|/++++4+]44+4++ 


Additional experiments with the sera of 14 persons included 
in tables 2 and 3, yielding positive Wassermann reactions and 
positive and negative skin reactions and with the sera of 11 
normal non-syphilitic persons were conducted by mixing in a 
series of small sterile test tubes equal parts of fresh active serum 
and young ascites-broth culture of pallida, keeping the mixture 
at 37°C. and examining it every half hour with dark field illumi- 
nation for evidences of agglutination and treponemolysis. At 
the end of two and one-half hours four of the sera from syphilitic 
persons had caused slight agglutination, but no other effect upon 
the treponemas could be detected; at the end of twenty-four hours 
ten of the syphilitic and two of the normal sera had produced 
agglutination indicating that agglutination of pallida occurs 
slowly; but some motile treponemata were found and there were 
no direct evidences of treponemolysis. 
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II, Agglutination of culture pallida in relation to the anaphylactic 
skin reaction to luetin 


That the occurrence of the skin reaction in syphilis to luetin 
cannot be taken as an indication that appreciable and demon- 
strable amounts of pallida antibodies are present in the body 
fluids is indicated in the summary of tables 2 and 3 given in 
table 4 regarding the presence of one antibody, namely, agglu- 
tinin for culture pallida, in relation to the results of the skin 
test. In compiling this table, agglutination was regarded as 
positive when occurring in dilutions of 1 : 5 and higher. 


TABLE 4 


Agglutination of treponema pallida in relation to the luetin skin reaction 


OTA -+ LUETIN AND + — LUETIN AND + -++ LUETIN AND — 
AGGLUTININ AGGLUTININ AGGLUTININ 
35 19 or 54 per cent 12 or 34 per cent 4 or 11 per cent 


While the sera of all of the normal non-syphilitic persons 
yielding negative luetin reactions (table 1) failed to agglutinate 
the culture of pallida in dilutions of 1 : 5 or higher, the sera of 
only 50 to 60 per cent of syphilitics yielding positive skin reac- 
tions showed appreciable amounts of agglutinin; furthermore 
positive skin reactions occurred among persons whose sera did 
not contain appreciable amounts of agglutinin for this strain 
of pallida. 


III. Complement fixation in relation to the anaphylactic skin 
reaction to luetin 


It is well known that the Wassermann and luetin reactions do 
not run parallel; in general the Wassermann reaction is positive 
in a larger percentage of syphilitic persons than the luetin skin 
reaction. In our series of 23 paretics the Wassermann reaction 
as based upon the results observed with the three antigens and 
particularly the cholesterinized extract, was positive in all or 
100 per cent; the luetin reaction was positive in 13 or 56 per 
cent. It has been clearly established, therefore, as previously 
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stated, that there is no definite relation between hypersensitive- 
ness to pallida protein and the presence of the Wassermann anti- 
body in the body fluids although comparative studies show that 
the sera of the majority of persons reacting positively to the luetin 
skin test, yield positive Wassermann reactions. 

Of more interest in this connection is the relation between 
complement fixation with pallida antigen (luetin) and the luetin 
skin reaction in view of the claims that both may be regarded 
as an index of defensive activity. We have summarized the 
results shown in tables 2 and 3 in table 5. 


TABLE 5 


Complement fixation with luetin antigen in relation to the luetin skin reaction 
| 


+ COMPLEMENT — COMPLEMENT + COMPLEMENT | — COMPLEMENT 
TOTAL FIXATION AND FIXATION AND FIXATION AND FIXATION AND 
+ SKIN REACTION + SKIN REACTION — SKIN REACTION — SKIN REACTION 
35 9 or 26 per cent|14 or 40 per cent} 3 or 9 per cent | 9 or 26 per cent 


It is the consensus of opinion at present that the Wassermann 
reaction is not a true antigen-antibody reaction, and Noguchi 
has regarded complement fixation with pure cultures of pallida 
as a specific antigen-antibody reaction due to a specific pallida 
antibody and an index of defensive activity (11). If this is 
true, the results of our study indicate that the presence of this 
specific amboceptor-like antibody and pallida hypersensitiveness 
occurred together in but 26 per cent of our cases; both were 
absent in 26 per cent and hypersensitiveness was present while 
the amboceptor was absent in about 40 per cent. In all instances 
complement fixation with luetin an antigen occurred only with 
the sera of those persons yielding positive Wassermann reactions 
with the usual tissue or lipoidal extracts and we have previously 
expressed the opinion on the basis of experiments (12) that 
complement fixation with treponema antigen is probably due to 
the same substance or antibody as is concerned in the Wasser- 
mann reaction and dependent upon the presence of lipoidal sub- 
stances in the pallida antigen. The results of these comparative 
tests indicate that there is no direct relation between hyper- 
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sensitiveness and complement fixation; both reactions indicate an 
infection with treponema pallida, but neither can be regarded as 
indicating the co-existence of a treponemolysin or as an index 
of actual lytic immunity as based at least upon the results of 
treponemicidal tests in vitro. 

Of further interest in this connection is the relation found 
between the occurrence of agglutination of culture pallida and 
complement fixation with luetin as antigen and particularly on 
the basis that complement fixation with this antigen is due to a 
specific antibody separate from that concerned in the Wasser- 
mann reaction. The results are shown in table 6. 


TABLE 6 


Agglutination of culture pallida and complement fixation with luetin 


-+- AGGLUTINATION | + AGGLUTINATION | — AGGLUTINATION | — AGGLUTINATION 
TOTAL AND ++ COMPLE- AND — COMPLE- AND — COMPLE- AND + COMPLE- 
MENT FIXATION MENT FIXATION MENT FIXATION MENT FIXATION 


35 | 9 or 26 per cent|22 or 63 per cent| 2 or 5 per cent | 2 or 5 per cent 


memati elk bs Fite 8 ha Se a Nh ee 

Our results show that agglutination of culture pallida occurs 
with a higher percentage of sera (regarding agglutination in dilu- 
tions of 1 :5 and higher as positive) than complement fixation 
with luetin as antigen; in only 26 per cent of sera were both 
pallida agglutinin and complement fixing antibody (amboceptor) 
found together. In our opinion these differences are largely 
due to the poor antigenic qualities of luetin in the complement 
fixation test and a better idea regarding the occurrence of both 
agglutinin and complement fixing antibody in the sera of syphil- 
itics is gained by conducting the latter test with the usual lipoidal 
tissue extracts; under these conditions we observed that both 
agglutination and complement fixation occurred with about 75 
per cent of sera. 


IV. Protection in relation to the anaphylactic skin reaction to luetin 


In a strict sense the question whether or not an anaphylactic 
skin reaction may be taken as an index of defensive activity can 
only be answered on the basis of actual protection experiments. 
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In reference to the luetin skin reaction this may be studied 
experimentally by injecting animals (rabbits and monkeys) with 
pallida cultures until a skin reaction can be elicited and then 
inoculating with virulent pallida to determine if infection will 
result. Experiments of this nature have been done by Dr. 
Noguchi (personal communication), the results of which we are 
able to mention here with his permission. Twelve rabbits were 
immunized with a cultyre of pallida over a period of five months; 
after giving a rest of one month the luetin skin test was con- 
ducted with definite reactions in all, some becoming pustular 
after the fifth day. These animals were afterwards tested by 
inoculating into the testicles with a virulent pallida directly 
obtained from the syphilitic testicles of rabbits. Six of these . 
took on both sides, while the others either showed one-sided 
orchitis or remained uninfected. It is Dr. Noguchi’s impression 
that the immunization reduced susceptibility in some rabbits, 
while it had no effect whatsoever in others; in fact he found that 
among those animals which took the inoculation, some devel- 
oped a generalized syphilis—a phenomenon which in his experi- 
ence hardly ever is observed in rabbits with the strains with 
which he was working. 

Numerous attempts, particularly by Neisser and Bruck (1) 
and Nakano (3) to immunize animals against syphilis have failed; 
Metchnikoff (13) claims to have succeeded by inoculating with 
syphilis directly, but Neisser disputes the experiments and ad- 
vances the claim that the syphilitic is not immune to syphilis, 
but may be re-infected and develop the later manifestations of 
the disease without showing a discernible primary lesion. Unfor- 
tunately the skin reactions were not employed in their work 
but it is reasonable to assume that at least some of the animals 
used in Neisser’s and Nakano’s experiments were injected suffi- 
ciently to sensitize against pallida protein and that a skin reac- 
tion could have been elicited. Furthermore it is doubtful whether 
spontaneous cure ever occurs in human syphilis, that is, entirely 
unaided by drugs or treatment of any kind; many persons yield- 
ing positive anaphylactic skin reactions show exacerbations and 
continued progression of their infection until death results, so 
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that evidence of this nature and experiments tend to indicate 
that a state of anaphylaxis to a particular protein may exist 
without actual or at least effectual resistance to the correspond- 
ing micro-parasite. 


SUMMARY 


The results of this study conducted with one culture of trepo- 
nema pallidum may be summarized as follows: 

1. Fresh active normal serum exerts no treponemicidal action 
on culture pallida in vitro in the proportion of one or two parts 
of serum to one part of diluted fluid culture. 

2. The sera of persons in the tertiary and latent stages of 
syphilis exert no appreciable treponemicidal action on culture 
pallida in vitro under similar conditions. 

3. The sera of syphilitic persons yielding typical luetin reac- 
tions did not exert any treponemicidal activity in vitro. 

4. There is no direct relation between the occurrence of cutane- 
ous hypersensitiveness to luetin and the presence of agglutinin 
for culture pallida in the blood serum. 

5. There is no direct relation between the occurrence of cuta- 
neous hypersensitiveness to luetin and the presence of a comple- 
ment-fixing antibody with an antigen of luetin in the blood serum; 
both the anaphylactic and complement-fixing antibodies were 
present or absent together in 52 per cent of cases, while the 
former was present and the latter absent in 40 per cent. The 
anaphylactic and complement-fixation reactions indicate an infec- 
tion with treponema pallidum, but as based upon experiments in 
vitro neither can be regarded as indicating the co-existence of a 
treponemolysin or as an index of immunity to syphilis. 

6. The sera of a larger percentage of syphilitics contain agglu- 
tinin for treponema pallidum than complement-fixing antibody 
when luetin is used as antigen. It is probable that this differ- 
ence is due in large part to the poor antigenic sensitiveness of 
luetin as antigen; when ordinary lipoidal extracts were used as 
antigens both complement fixation and agglutination occurred 
together with the majority of sera. 

7. As based mainly upon the results of these treponemicidal 


442 J. A. KOLMER AND STUART BROADWELL, JR. 


and other tests in vitro, the anaphylactic luetin test cannot be 
regarded as an index of resistance to treponema pallidum; these 
experiments and the failure of others (Neisser and Bruck; Nakano 
and Noguchi) to produce active immunity in animals to syphilis 
indicate that a lytic type of immunity is absent in syphilis or, at 
least, that it plays but a minor role in this infection. 
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Since the clinical diagnosis of diphtheria is made so readily 
with the aid of cultures and as resistance to this infection is so 
largely antitoxic in nature, anaphylactic skin tests with diph- 
theria protein appear not to have been made until recently, 
because they are uncalled for in diagnosis and studies in this 
disease, therefore, have been mainly devoted to the toxin and 
its antitoxin. As diphtheria was among the first of the infec- 
tions to be treated with horse immune serum, anaphylactic re- 
actions due to the protein of the serum were among the earliest 
observations on anaphylactic phenomena, but these reactions 
bear no relation to the possibility of hypersensitiveness to the 
protein of the diphtheria bacillus itself. 

Recently the possibility of eliciting a cutaneous anaphylactic 
reaction with the diphtheria protein has been pointed out by 
Park, Zingher and Serota (1), who, in conducting the Schick toxin 
test for immunity in diphtheria, noted that a small percentage of 
persons presented a reaction readily differentiated from the true 
toxin reaction, which they regarded as an anaphylactic response 
to the protein of the broth used in the preparation of the toxin 
and to the protein of autolyzed diphtheria bacilli. These re- 
actions were described by Park and his associates as being of 
earlier development, more infiltrative, less sharply circum- 

1 Presented before the meeting of the American Association of Immunologists, 
May, 1916. 
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scribed, faintly or not at all pigmented and usually not followed 
by scaling of the skin. 

In a study of the reactions in the skin following the intra- 
cutaneous injection of varying amounts of protein and other 
substances in broth alone, Kolmer and Moshage (2) found that 
trauma is an important factor, particularly among those persons 
whose skins are unusually sensitive as is likely to be found among 
persons suffering with scarlet fever and measles. The reac- 
tions were usually slight and poorly colored and the majority 
subsided within forty-eight hours after injection. 

Recently I have studied the true anaphylactic skin reaction 
with an emulsion of a large number of neutralized, washed and 
heat killed cultures of diphtheria bacilli (diphtherin), the method 
of preparing and conducting the tests and the results observed 
being given in other communications (3,4). Typical anaphy- 
lactic reactions were observed that were entirely independent of 
the true toxin reaction of Schick, and it is highly probable that 
the majority of anaphylactic reactions following the intracuta- 
neous injection of diphtheria toxin in conducting the Schick test 
are due to hypersensitiveness to the protein of the diphtheria 
bacillus. 

While immunity in diphtheria appears to be largely antitoxic 
in nature, the probable relationship of the cutaneous anaphy- 
lactic reaction to immunity in this infection possesses consid- 
erable interest especially in view of the hypothesis that cutaneous 
anaphylactic reactions may be regarded as an index to im- 
munity. 

It is highly probable that antibodies other than antitoxin may 
be produced following immunization or infection with diphthe- 
ria toxin, the bacilli or both. Bandi (5) claims to have pro- 
duced an antibacterial serum; Lipstein (6) failed to demonstrate 
bacteriolysins in immune sera as ordinarily prepared with toxin 
and believes the action of such sera to be purely antitoxic. 
Martin (7) found immune sera to contain both bacteriolysins and 
agglutinins; Martin, Prévot and Loiseau (8) and Sadikova (9) 
also have reported agglutinins in the sera of horses immunized 
with toxin. Complement: fixing antibodies in the sera of im- 
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munized animals or of persons that have had diphtheria or that 
are carriers of diphtheria bacilli have been reported by Lam- 
botte (10), Ponjol and Delanoe (11), Armand-Delille (12), Weill- 
Hallé and Bloch-Michel (13) and Cathoire (14), Kolmer (15) 
found that complement fixation occurred with the sera of im- 
munized horses and antigens of diphtheria bacilli, but seldom 
with the sera of normal persons or those convalescent from diph- 
theria. Morse (17) found complement-fixing antibodies in the 
sera of animals immunized with the bacilli; Priestly’s (18) at- 
tempts to show the presence of these antibodies failed owing 
probably to poor antigens. 

The object of this investigation was to study the significance 
of the cutaneous anaphylactic reaction with diphtheria protein 
to lytic-immunity in diphtheria, and particularly in relation to 
the presence of bacteriolysins, agglutinins and complement-fix- 
ing antibodies for the diphtheria bacillus in the sera of persons 
yielding positive and negative skin tests. 


METHOD OF STUDY 


Sera. Out of a large number of persons in whom the diphtherin 
and toxin skin tests had been conducted, 57 of those that reacted posi- 
tively and negatively to the diphtherin test in a typical manner were 
selected and their sera used for bacteriolytic, agglutination and com- 
plement-fixing tests. These persons reacted positively or negatively 
to the toxin test as recorded in the various tables. In a number of in- 
stances the sera of persons reacting negatively in the toxin test were 
also titrated for their content of natural diphtheria antitoxin. In 
addition to these the sera of five normal and five diphtheria antitoxin 
horses were studied in the same manner. 

The diphtherin test was made by injecting intracutaneously 0.1 cc. 
of the prepared emulsion of diphtheria bacilli; the toxin tests were con- 
ducted with a similar injection of #y M.L.D. of a strong toxin diluted 
with sufficient sterile salt solution so that this dose was contained in 0.1 
ec. All reactions were read 48 hours after injection. 

Blood was collected aseptically from a vein at the elbow and the 
serum was used in the bacteriolytic tests within sixteen hours after 
collection. 

Bacteriolytic tests. For testing the bacteriolytic power of the sera 
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for the diphtheria bacillus, two methods were employed, namely, a 
modification of the looped pipet method of Wright (19) and the method 
of Stern and Korte. 

In the former method each serum was used fresh in order to utilize 
the native complements and the bacteriolytic power was measured by 
using a constant volume of undiluted serum with varying numbers of 
bacilli. The particular advantage of this method consists in applying 
tests in vitro under conditions more nearly approaching conditions in 
vivo; namely, that the person’s own complements are used and the con- 
tent of bacteriolysin is roughly measured according to the approximate 
number of bacilli killed. 

Hiss serum water media containing 1 per cent dextrose and colored 
with litmus was used as the culture medium in the pipets in conducting 
the tests and various controls. 

Cultures of the diphtheria bacillus were used undiluted, and after 
dilution with sterile broth 1:10, 1: 100, 1: 500, and 1: 1000; the ap- 
proximate number of bacilli in each was determined by plating 0.1 ce. 
of each in ascites dextrose agar. The number of living bacilli in these 
emulsions varied in different experiments, so that in the tables composed 
of tests made at different times, the upper and lower limits are given. 

In the method of Stern and Korte, all sera were inactivated and com- 
plement furnished by fresh sterile guinea pig’s serum. Five dilutions 
of serum were used: namely, 1:10, 1: 20, 1:40, 1: 80 and 1:160. As- 
cites dextrose agar was used as the plate medium in the tests and 
controls. 

In both methods two cultures of the granular types of the diphtheria 
bacillus accustomed to grow in a fluid medium and capable of produc- 
ing acid in twenty-four hours with dextrose were mixed and used. 
Cultures were grown in ascites broth for twenty-four hours and shaken 
mechanically with glass beads to break up clumps before use. 

Agglutination tests. These were conducted with the emulsion of 
forty-five different cultures of washed and heat killed diphtheria bacilli 
(diphtherin). ‘The macroscopic technic was employed with various 
dilutions of sera and the readings made after two hours incubation and 
further standing at room temperature for six hours. 

Complement-fixation tests. In these tests diphtherin was used as the 
antigen in amounts corresponding to one-third the anticomplementary 
unit, as determined by preliminary titration. 

With all sera the Wassermann reaction was likewise included and 
three antigens employed; namely, an alcoholic extract of heart re- 
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enforced with cholesterin; an alcoholic extract of syphilitic liver and 
an extract of acetone-insoluble lipoids of human heart. 

All sera were heated at 56°C. for half an hour and used in a constant 
dose of 0.2 cc. 

The antisheep hemolytic system was employed with the pooled sera 
of two or more guinea pigs for complement; in the antigen titrations 
and main tests two units of hemolysin were used and the results were 
read immediately after the second period of incubation. 

Antitoxin titrations. For titrating the amount of natural diphtheria 
antitoxin in human serum a toxin was so diluted that 1 ce. contained 
one-fortieth of the L + dose. By mixing 0.2 ce. of patient’s serum with 
0.2 ee. of toxin, allowing the mixture to stand at room temperature for 
thirty minutes and injecting 0.1 cc. of it intracutaneously in the abdom- 
inal surface of a guinea-pig (prepared by pulling out the hairs) a test 
was made for one-fortieth unit of antitoxin to each cubic centimeter of 
serum. By using twice the quantity of serum a test is made for one- 
eightieth unit and by so varying the quanities of serum and toxin in 
this manner quantities of antitoxin varying from 10 units to 345 unit 
may be determined. 

From two to four injections were made into each pig and the results 
were read after two to four days. 


RESULTS 


I. Bacteriolysis in vitro in relation to the anaphylactic skin 
reaction to diphtherin 


The results of bacteriolytic tests observed with the sera of 
persons reacting positively and negatively to the diphtherin test 
are shown in Table 1. 

In no instance were there any evidences of a bactericidal action 
of sera of persons reacting positively or negatively to the ana- 
phylactic skin test upon the cultures of diphtheria bacilli even 
when the number of living bacilli had been as few as 300 per cubie 
centimeter of emulsion. 

It will be noted that the sera of persons reacting negatively 
to the toxin test contained 7% or more units of diphtheria anti- 
toxin; these results are similar to those observed by Schick, 
Park, Kolmer and Moshage, and others. 
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The results of bacteriolytic tests after the method of Stern 
and Korte (employing guinea-pig serum complement) with the 
sera of a second group of persons, are shown in table 2. 

With the lowest dilution of serum there was apparent in some 
instances a feeble bactericidal effect as based upon a reduction 


TABLE 1 


Bacteriolytic tests after the method of Wright and antitoxin content of the sera of 
persons yielding positive and negative diphtherin and toxin reactions 


SKIN REACTIONS BACTERIOLYTIC TESTS 
| te aC: 
ls Races Ao Bee eae % = i a i. = 8 8 
1p enn chic. OF SERU. A ae a: 3 8 : 
8)Sa/S8/ss/28] & 
s |e |3°|3°/8"| 2 

years cm. cm 

1 6 | 0.6 X 0.6 = about x5 unit | + | +/+ ])+/+]- 
2 62 = 10 1-2 None a al hiss Gl! ect eses (eeu ite || = 
3 6) 0120" | 06 <0-6"| ‘about py Unit | ste] ats oie ie i 
4 9) 120) X 1.2 — jo unit a Ve a ee ee | 
oe 8 ry = 3y unit +/+} +)+)/4+)— 
6 yO) <026 — 35 unit Ta fe | a eee EE | 
ee 22) 220 1350 — jy unit aT ety | SE ey | 
8 | 26 - jy unit ae ee el a Se |i — 
On 2h 120 ee a 1.0 028 None cine (mili@cas lime bors) 
10 19 | AOR ales — oy unit ee een ee 
Ve | en | Oe tes ~ és unit ay rem ree rere || 
12| 30 = 0.5 X 0.8 None +)/+]/+]4+]4]- 
13 | 28 | Doubtful - jy unit ee | | SS ee 
14] 31 — - 1 unit Stl eee ac) 
15 | 24 = = 2 unit | Se} Sea Se 
16 Culture 0 0 +{/+/+]+1+/ 0 


* Number of diphtheria bacilli per cubic centimeter of twenty-four hour 
ascites broth cultures employed. 

— = negative skin test or sterility in the bacteriolytic tests. 

+ = good growth in the bacteriolytic tests. 


in the number of colonies as compared with the control; these 
results, however, bore no relation to the results of skin tests. 

Table 3 shows the results of bactericidal tests with the sera of 
a third group of persons reacting positively and negatively to 
the anaphylactic skin test, conducted in this manner: 
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In a series of sterile test tubes were placed 0.2 cc. of fresh sterile 
serum and increasing amounts of an ascites broth culture of the diph- 
theria bacillus; the total volume in all tubes including the serum con- 
trol was made 1 ce. by the addition of sterile salt solution. After mix- 
ing and incubating at 37°C. for two hours, 5 ec. of ascites dextrose broth 
was added to all tubes, mixed and re-incubated for forty-eight hours 
when the results were noted after microscopic examination of the 
growths in each tube to exclude the possibility of contamination. 

TABLE 2 


Bacteriolytic tests after the method of Stern and Korte and antitoxin content of the 
sera of persons yielding positive and negative diphtherin and toxin reactions 


SKIN REACTIONS AIDES aS SERUM DILUTIONS 
UNITS PER 1 a= 
NO. AGE CUBIC CENTI- ° 
Diphtherin Schick eeancae, | 1:10% | 1:20 | 1:40] 1:80)1: 160 ag 
8 o 
years cm. cm, 

1 Gaile Oo< 1.0 _ zy unit slight} no no| no| no| — 
2 Or kOe <2 086 = zo unit slight} no no| no} no} — 
3 8 — — 4 unit no no no| no} no| — 

4 5 | 0.6 X 0.6/0.6 X 0.6) about 4 
unit no no no/ no} no} — 
5 Grim eO SS 10 = 5 unit slight] no no| no} no| — 
6 9 | 1.0 X 0.6] 0.6 X 0.4, None slight} slight] no| no} no} — 
7 4 = 1.0 X 1.0} None slight} no no} no| no| — 
8 BN AU Oe ee = po unit no no no;}|, no; no}|) = 
9 S026. xX 0.6 = jp unit slight} no NO: NO}, HO — 
10 9F 1-0 X 1.2) 0.4: 0.6) “None slight} no no| no| no| 0 


* Slight = slight reduction in the number of colonies as compared with con- 
trols. 

No = no reduction in the number of colonies. 

— = negative skin test or sterility. 


As will be noted in the table none of these sera, regardless of 
the results of the skin test, showed any evidences of bactericidal 
power in these experiments. 

It was considered of interest to apply the diphtherin tests to 
normal and toxin injected horses and conduct similar tests with 
their sera.” 

?T am indebted to Dr. C. P. Brown, for conducting the anaphylactic tests 


and furnishing sterile blood from a number of normal and immune horses; also 
to Dr. C. Y. White for the blood of several normal and immune horses. 
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The diphtherin tests were conducted by intrapalpebral injec- 
tions of 0.08 to 0.1 ec. of the same diphtherin as used throughout 
the study. 

The blood of each animal was collected aseptically and the 
bacteriolytic tests finished within five hours after bleeding. 

The results of these tests are shown in tables 4 and 5. 


TABLE 3 


Results of bactericidal tests on B. diphtheria with the sera of persons reacting posi- 
tively and negatively to the diphtherin skin test 


BACTERICIDAL TESTS (0.2 cc. SERUM) 


SERA FROM ADULTS 


NO- (DIPHTHERIN REACTIONS) 


0.1 cc.* 0.2 ec. 0.3 ec. 0.4 ce. Serum 
culture culture culture culture control 
cm. 

1 2.0°X 3.0 ~ + + + - 
2 ~ - + - ~ - 
3 IROL 125 ~ + 4 + = 
4 10) X28 - - + + - 
5 FO lS = + + + - 
6 - + ~ ~ ~ - 
7 Doubtful ie a 4 2 = 
8 ~ ~ - - + - 
9 ~ - - ~ + - 
10 3.0 X 4.5 ~ ~ - + a4 
11 FAW >< ales) SE ae te ale = 
12 185) <2 ta ae =e ai = 
13 = =F ae + = a 
14 2.0 X 1.5 + + + + _ 
15 Controls _ + + > 0 


* Twenty-four hour ascites broth culture of B. diphtheria; 0.1 cc. plated in 
ascites agar showed innumerable colonies. 

The dash (—) indicates a negative skin test and sterile results in the bacteri- 
cidal tests; the plus sign (+) indicates good growths and absence of bacteriolytic 
action of the sera. 


The results of bacteriolytic tests shown in table 4 were con- 
ducted after the method of Wright, as previously described, the 
complements in the serum of each horse being thereby utilized; 
the tests shown in table 5 were also conducted with fresh active 
sera after the method described above in explanation of the 
results shown in table 3. 


i. ee 
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TABLE 4 


Results of anaphylactic and bactericidal tests (method of Wright) among normal 
and diphtheria-antitoxin horses 


BACTERIOLYTIC TESTS* 


NO. HORSE DIPHTHERIN TEST Wine 70,000 | 20,000 | 10,000 1500 
paint to t to to Serum 
100,000 | 30,000 | 3,000 400 |control 


“| per cc. | per ce. | per cc. | per cc 


2843} Normal.......... Negative + ae + ae a ws 
2833| Normal.......... Negative + ae + a au aid 
2836| Normal.......... Negative + = + oa a Be 
2500} Immunef........ Negative + -- + = = = 
2614) Immune: . 2:2... - Negative 4. + + = pa es 
2616) Immune......... Negative + + + = os a 

+ a a a ati 0 


0 Culture control... 0 


* Number of diphtheria bacilli per cubic centimeter of twenty-four hour ascites 
broth cultures employed. 

+ These horses contained about 350 to 850 units of antitoxin per cubic centi- 
meter of serum at the time these tests were made. 

+ = growth. 
sterile. 


ll 


As shown in table 4, the sera of the antitoxin horses showed a 
feeble bactericidal activity as determined by the pipet method; 
in the second method (table 5) where the number of bacilli was 
larger there was no appreciable bactericidal activity. In all 
instances the diphtherin tests were regarded as negative. 


II. Protection in relation to the anaphylactic skin reaction to 
diphtherin 


In view of the limited value and dependability of tests 1n vitro 
for antibodies and particularly those of a lytic nature, such as 
the bacteriolysins, in determining the presence or absence of a 
state of actual immunity in relation to the condition of hyper- 
sensitiveness, actual protection experiments are to be regarded 
as more decisive and reliable. During the past year while this 
study was in progress three persons that yielded well marked 
skin reactions to diphtherin contracted diphtheria; all of these 
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reacted positively to the Schick test and showed thereby an ab- 
sence of natural antitoxin in the body fluids. 

While these experiences may not demonstrate in a positive 
manner that the state of hypersensitiveness to diphtheria pro- 
tein, as shown by the positive diphtherin tests, cannot be taken 
as an index of immunity, because diphtheria is essentially a 
toxemia and the skin reactions are probably due to a mechanism 
entirely distinct from that of the toxin-antitoxin reaction, they 
have shown quite conclusively that from a practical standpoint 
the anaphylactic skin reaction possesses no value in determin- 
ing the presence or absence of actual immunity to diphtheria. 


TABLE 5 


Results of bactericidal, agglutination and complement-fixation tests with the sera 
of normal and diphtheria immune horses on B. diphtheria* 


| 


BACTERICIDAL TESTS 
(SERUM 0.2 cc.) 


AGGLUT.{ COMPLEMENT-§ 

NO. HORSET 1:2 ro 1:160 FIXATION © ° ° 2 = 
(DIPHTHERIN) (DIPHTHERIN) SE 3 2 3 E me gs 
=2|a8|<8|<8| 58 

Sie lio Wes = Ione ica 
1 | Normal (2848).... _ = eos 
2 | Normal (2883).... | Ae) — Rey es Se) 
3 | Normal (2836).... 12 — + |---| ei 
eel Normale ates ore - = A Ses), — 
Bei Normal: iar — - eal ea eee 
6 | Immune (2500)... 16, + ha) 
7 | Immune (2614)... ey. = ee) alee 
8 | Immune (2616)... | Epler: ce SO a ee 
OM Mimmune.2 222 2 1: 16 = fe ee |e 
1OU) immune. 2. esc f16 ~ oe ee a ee ee 
11 Culture control. | 0 0 +/+ ]/+)+10 


* Twenty-four hour ascites broth culture; 0.1 ec. plated in ascites agar showed 
an uncountable number of colonies after twenty-four hours incubation. 

The dash (—) indicates a negative reaction or sterile serum; the plus sign (+) 
indicates good growths and absence of bactericidal activity. 

+ The diphtherin tests (intrapalpebral injection) were negative among all 
horses in which this test was made. 

t The dilution expressed is the highest in which well marked agglutination 
was observed. 

§ Wassermann reactions were negative with all antigens. 
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III. Agglutination and complement-fixation in relation to the 
anaphylactic skin reaction to diphtherin 


The results of agglutination and complement-fixation tests 
with the sera of persons reacting positively and negatively to 
the skin tests and normal and immunized horses (reacting nega- 
tively to the anaphylactic skin test), are shown in tables 5 and 6. 


TABLE 6 


Complement-fixation and agglutination reactions with the sera of persons yielding 
positive and negative diphtherin and toxin skin reactions 


COMPLEMENT- 


SKIN REACTIONS FIXATION TESTS AGGLUTINATION TESTS 
NO. AGE 
Diphtherin Schick Diph- | Wasser-| 1. 19| 1:20| 1:40 | 1:80|1: 160|1: 320 
years cm cm. 
1 k = ONG e ee Ou c= ee eee ae ae 
2 30 ~ ~ = = eet aa | ey ee lle ee li 
3 6Fa| 120) 120 — = = P| ee | teat ene eae re 
4 | 9*|/1.0 x 1.0 2 ES a gigs vba | ete | ei | ES 
5 | 8*|1.0 x 0.6 =: SUG peach jee (Aue ay 
6 Gea EO xara? — — = ene ey heey es Hee 
7 5ealO.60>< 0260 OF4. <Ok6 — BS fee eee | eet eal pe 
8 3 0.3 X 0.5 — = a eT | MA eat Peele et ee 
9 17 — _ = = Ae He mee || eee ieee «tO cea 
10 24 — _ = == pe bg ey Pee) ee A Lee i 
11 42 Ope eO — = = Sat es Ht | peal Neen oc ee 
12 |) 46 - = ss a My fare ail |, eae | (reece ea | pene 
13 9 OLSES< 12 _ = = a | ype | era MR | hea ee 
14 28 TO S<O = + = pail (ee ee 4 | eae oa | ery I 
15 43 HO SS O6 — = = EET i eae | he he ee 
16 22 10-084 = = == Ee ey reed eee (Ce eee | eee 


* Received 1250 units of antitoxin 6 weeks before these tests were made. 
The dash (—) indicates a negative and the plus sign (++) a positive reaction. 


A small percentage of the sera of normal persons was found to 
give partial agglutination of the diphtherin in the lowest dilution 
of serum (1:10) and all of these reactions occurred with the sera 
of persons yielding positive skin tests. 

A few of the sera of normal horses were found to agglutinate 
the diphtherin in dilutions of 1:2, but not in higher dilutions; 
all of the sera of the diphtheria-antitoxin horses caused agglu- 
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tination in dilutions ranging from 1:8 to 1: 32, but not in higher 
dilutions. As previously stated, all of the horses tested for the 
diphtherin anaphylactic reaction yielded results interpreted as 
negative. 

The majority of human sera reacted negatively in complement- 
fixation tests employing diphtherin as antigen; the few weakly 
positive reactions observed occurred among persons reacting 
positively in the skin test (table 5). The sera of all normal 
horses yielded negative reactions; two of five antitoxin horses, 
however, yielded positive reactions, which confirm previous 
work and indicates that during toxin immunization both agglu- 
tinins and complement-fixing antibodies are produced along 
with antitoxin. 


CONCLUSIONS 


1. Bacteriolysins for B. diphtheria could not be demonstrated 
in the sera of normal persons. 

2. The sera of persons yielding positive reactions to the 
cutaneous diphtherin anaphylactic test were without demon- 
strable bactericidal effect upon B. diphtheria. 

3. Persons reacting positively in the diphtherin anaphylactic 
test may contract clinical diphtheria. 

4, Normal horse serum possesses no demonstrable bactericidal 
action over B. diphtheria. 

5. The sera of horses immunized with diphtheria toxin may 
contain small amounts of a bactericidal antibody in addition to 
antitoxin; apparently these bactericidal substances may be pres- 
ent in the blood serum of horses without well defined hypersensi- 
tiveness to the diphtheria protein. 

6. A condition of hypersensitiveness to diphtheria protein may 
exist without demonstrable amounts of agglutinin or comple- 
ment-fixing bodies for B. diphtheria in the body fluids. 

7. The results of this study indicate that hypersensitiveness 
to diphtheria protein cannot be taken as an index to immunity 
to diphtheria and that the anaphylactic state bears no constant 
nor direct relation to the presence or absence of such antibodies 
as may be detected by experiments 77 vitro. 
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Tubercle wax is the name applied to fatty and waxy substances 
extracted from tubercle bacilli with fat solvents such as alcohol, 
ether, benzol, chloroform, ete. 


HISTORICAL AND NATURE OF TUBERCLE WAX 


Hammerschlag was first to show that tubercle bacilli contained 
a large amount of fatty and waxy substances, and that in this 
respect they differ from other vegetable microérganisms. De 
Schweinitz and Dorset confirmed Hammerschlag’s results, and 
since then a great deal of attention has been paid to this subject. 
All investigators agree that it is difficult to extract the fatty sub- 
stances entirely, and that the amount is influenced by the cul- 
ture media upon which the bacilli are grown and by other fac- 
tors mentioned below. Proskauer and Beck have demonstrated 
that bacilli cultivated on fat free media are also able to produce 
wax, although in smaller amount (10 per cent of dried bacillary 
substance). Klebs, R. Koch and others have shown that the 
peculiar staining reaction of tubercle bacilli depends upon this 
fatty matter, and that the extracted fat will become deeply col- 
ored with carbolfuchsin, and retain this color when subsequently 
treated with dilute mineral acids. In other words tubercle bacilli 
are ‘‘acid fast’’ because of the fatty and waxy matter they con- 
tain. The same authors have also shown that after extraction 
of this matter the bacilli are no longer “‘acid fast.’? Aronson 
demonstrated that the chief amount of the wax is not contained 
in the bodies of the microérganism, but lies between them, and 
that it is probably a product of secretion of the bacilli. 
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The nature of tubercle wax has not been as yet definitely de- 
termined. Hammerschlag found tripalmitin, tristearin and 
lecithin but no cholesterin. According to Kresling the fatty mat- 
ter contains 14.38 per cent of free fatty acids, 77.25 per cent of 
neutral fats and fatty acid esters, and 0.37 per cent of water 
soluble material. He also demonstrated the presence of lecithin 
(0.16 per cent) and cholesterin. R. Koch extracted two sub- 
stances. One was soluble in cold alcohol and the other soluble 
only in hot alcohol or ether. Both were acid fast, but he be- 
lieves that the second substance is chiefly responsible for this 
property of the tubercle bacilli. This substance was shown by 
Aronson to be a true wax, which was confirmed by Ruppel. 
Ruppel extracted three kinds of fat: (1) with cold alcohol, a 
greasy red coloring matter, which exists in the bacillary bodies 
as chromogen and obtains its color through contact with the 
air; (2) with hot aleohol, a waxy substance; (3) with ether, a wax. 


PERCENTAGE PRESENT 


The percentage of fatty and waxy material that can be ex- 
tracted varies according to the different strains of the tubercle 
bacilli, their age and virulence, the media upon which they are 
grown and the solvents employed. 

De Schweinitz and Dorset extracted various cultures, grown 
upon the same media with the following amounts of fatty mate- 
rial: virulent human bacilli 28.03 per cent; attenuated human 
bacilli 37.41 per cent; bovine bacilli 26.32 per cent; swine bacilli 
20.59 per cent; horse bacilli 31.76 per cent; avian bacilli 30.65 
per cent. Hammerschlag obtained 26.2 per cent on the average 
(aleohol-ether); Aronson 20 to 25 per cent, Levene 31.56 per 
cent, Ruppel 8 to 10 per cent as a minimum, 25 to 26 per cent 
as a maximum; Klebs, 20.5 per cent with ether and 1.14 per cent 
more with benzol; Kresling, 36 per cent (chloroform), 34.31 per 
cent (benzol), 30.75 per cent (ether), 24.76 per cent (alcohol) 
with the use of alcohol, ether and chloroform in succession he 
obtained on the average 38.95 per cent fatty substances. 
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OBJECT OF PRESENT INVESTIGATION 


The object of this investigation was two fold: 

1. To determine whether extract of tubercle wax possess any 
antigenic value in the serum diagnosis of tuberculosis. 

2. To explain the reason for the frequent fixation of luetic sera 
with various antigens used in complement fixation in tuberculosis. 


PREVIOUS WORK 


Several investigators have used alcohol, or aleohol-ether ex- 
tracts of tubercle bacilli as antigen. 

K. Meyer found that the fat, fatty acids and wax like fractions 
of tubercle bacilli possess slight or no fixing properties for tuber- 
culosis antibodies, using Hoechst anti-tuberculosis serum. Caul- 
field and Beatty used an alcohol-ether extract of a young culture 
and obtained deviation of complement in a certain percentage 
of cases of tuberculosis, and no fixation in non-tuberculous cases. 
Dudgeon, Dudgeon, Meek and Weir and Meek used an alcoholic 
extract of tubercle bacilli and obtained a high percentage of 
fixation in tuberculosis. All of the above mentioned investigators 
used young cultures. It is to be noted here that tubercle wax is 
not present in any considerable amount in young cultures but 
develops only after the organisms have been grown for some 
time. Itis doubtful, therefore, whether the substance was present 
in appreciable amount in their antigens. (Paul Ehrlich was the 
first to show that in young cultures of the tubercle bacilli many 
of the organism are not acid fast. Aronson found that in young 
rapidly growing cultures the wax is not present.) 

As to the fixation of the sera possessing lipotropic properties 
(luetic sera being the most important) this heretofore has been 
attributed to the high lipoid content of the egg media upon which 
the bacilli were usually cultivated in the preparation of the tu- 
berculins (antigens). J. Bronfenbrenner extracted the lipin con- 
tained in one such antigen, that of Besredka, and found that 
emulsion of these lipins caused deviation of complement with 
luetic sera. Here again it was not certain whether this was due 
to lipoids derived from the media or from the bacilli. There are 
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also antigens prepared from cultures of tubercle bacilli not 
grown upon egg containing media, which also cause fixations 
with syphilitic sera. It suggested itself that the waxy substances 
of the tubercle bacilli might cause such fixations and various 
extracts were prepared from tubercle wax and used with sera of 
normal, luetic and tuberculous patients. 


MATERIALS AND METHODS OF STUDY 


Tubercle wax. The tubercle wax was kindly furnished by Dr. 
Rucker, of the Pennsylvania State Laboratories. It was pre- 
pared by growing both human and bovine strains in glycerin 
bouillon for several months, separating the bacillary bodies by 
filtration and extracting them in a Soxhlet apparatus, first with 
absolute alcohol for two to three hours, then with ether for one 
hundred and sixty to one hundred and eighty hours. The wax 
is precipitated from the ether distillate with absolute alcohol and 
redissolved in hot benzol. This process is repeated twice. The 
wax as thus obtained, is of a light yellowish brown color and of 
soft consistency and it leaves a slight fat stain on paper. It re- 
sembles somewhat dried cerumen. Tubercle bacilli extracted by 
the above method yield about 20 to 22 per cent wax. 

Antigens. After preliminary experiments it was found that 
emulsions prepared from ether, or ether-methyl alcohol solutions 
by the were most suitable for this investigation. 

Antigen A. Fifty milligrams of tubercle wax were dissolved 
in 0.5 ce. of ether by agitation in a stoppered test tube. To this 
was gradually added 25 ec. of normal salt solution containing 
0.5 per cent phenol. The mixture was repeatedly shaken for 
several hours. Coarse waxy particles separated, which were re- 
moved by filtration through cotton. The resulting antigen was 
slightly cloudy. 

Antigen B. To the ether solution prepared as above 1 cc. of 
methyl aleohol was added. This caused a milky white emulsion, 
which was diluted with 25 ec. of normal salt solution, containing 
0.5 per cent phenol, repeatedly shaken during several hours and 
filtered through cotton. The resulting antigen was slightly 
milky. 
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The antigens were prepared on the same day that the tests 
were made, since it was found that they soon became anti-com- 
plementary. In the anti-complementary titration increasing 
doses of antigen (0.01; 0.05; 0.1; 0.2; 0.4; 0.6; 0.8; 1.0; 1.5; 2.0 
cc.) were added to a constant amount of guinea pig complement. 
The volume in the tubes was made approximately equal by the 
addition of normal saline and the mixtures were incubated for 
one hour at 37°C. Then corpuscles and two units of hemolysin 
were added. The results were read after a second incubation of 
one hour. The anti-complementary dose was taken as the small- 
est amount of antigen, causing any inhibition of hemolysis. 
One-third to one-half of this amount was used in the tests. The 
anti-complementary units of the antigens varied considerably 
with the serum of different guinea-pigs. As a rule antigen A 
was slightly anti-complementary in doses of 1.0 cc., 0.3 ce. being 
usually the amount employed in the tests. Antigen B was usu- 
ally anti-complementary in doses of 0.8 cc, 0.25 ce. being then 
used. When the anti-complementary dose was found to be 
higher or lower the amounts used were proportionate. Antigen 
B, while more anti-complementary, yielded somewhat sharper 
results. The antigens were also titrated with luetic sera, but it 
was found that fixation varied so greatly that this procedure was 
finally abandoned. 

Hemolytic system. Anti-sheep hemolysin of a high titer was 
used. This was titrated each time before the tests were made 
with 0.5 cc. of a 10 per cent dilution of fresh guinea-pig serum 
and the same amount of the 5 per cent suspension of washed 
sheep corpuscles. Usually the pooled serum of two or more 
animals was used. Two units of hemolysin (one hour’s incuba- 
tion) were employed in the tests. 

Sera. All sera were inactivated for thirty minutes at 56°C. 
and used in a constant dose of 0.1 ce. 

Technic. Inactivated serum, antigen and complement in the 
amounts stated above were incubated for one hour, then cor- 
puscles and hemolysin were added and the results read after 
another hour’s incubation. The controls were the usual ones 
employed in complement fixation tests. A serum control was 
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used for each serum. All sera were tested with both tubercle 
wax antigens, and one or more cholesterinized alcoholic extracts 
of human heart. The latter extracts were antigenic in doses of 
0.05 ec. of a 1 to 20 dilution; 0.2 cc. was used as the antigenic 
dose. 

SUMMARY OF RESULTS 


Two hundred sera were examined in all. 

Twenty sera were from clinically certain cases of pulmonary 
tuberculosis (various stages). Four reacted strongly positive to 
the Wassermann test. Of these, three also deviated complement 
with the tubercle wax antigens. Three sera not reacting to the 
Wassermann reaction, reacted positively with the tubercle wax 
antigen, the other sera did not cause fixation of complement. 
Seventy-six luetic, and presumably non-tuberculous sera reacted 
positively with the Wassermann reaction. Of these fifty-nine 
also deviated complement with the tubercle wax antigens, while 
seventeen showed complete hemolysis. (Some of the negative 
cases showed only slight inhibition of hemolysis with the syphi- 
litic antigen.) 

One hundred and four sera were from presumably non tuber- 
culosis and non syphilitic cases. Of these, seventeen reacted 
positively with tubercle wax antigens and eighty-seven nega- 
tively. The inhibtion of the hemolysis with tubercle wax anti- 
gen was only in a few cases as marked as with the syphilitic 
antigens. It varied usually from slight to partial inhibition and 
as a rule was more marked with antigen B. 

TABLE I 


Showing results obtained with tuberculous, luetic and normal sera 


ANTIGEN A AND B 
TUBERCLE WAX 
aa NUMBER ++ wass. — wass. 

= EXAMINED REACT. REACT. 


Reactions | Reactions 


*MbenculOus sein. 425.6 ee see 20 6 14 


4 16 
Petite ation. swine sil mets 76 59 17 76 0 
17 87 0 104 


INorma lee oe eee 104 


MPO ballasts Che eceiesi 6 ston ae 200 82 118 80 120 
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TABLE II 
Showing comparative results with tubercle wax antigens and cholesterinized antigen 
(W.R) 
82 Tawa + 118 TrBwa — 80 wr 4- 120 wR — 

WR+ WR- WR+ WR-— |TBWA+ TBWA-|TBWA+ TBWA— 
62 20 18 100 62 18 20 100 
T.B.W.A. = Tubercle wax antigen (A and B) 

W.R. = Wassermann reaction. 


CONCLUSIONS 


1. Tubercle wax antigens cause complement deviation with a 
high percentage of sera possessing lipotropic properties. 

2. These antigens also cause complement deviation with a 
moderate percentage of presumably normal and tuberculous sera. 
These sera may be derived from latent cases of syphilis although 
they fail to react positively with the Wassermann test. 

3. They appear to possess neither diagnostic nor prognostic 
value in the serum diagnosis of tuberculosis. 

I desire to thank Prof. Allen J. Smith for suggesting the sub- 
ject, Dr. Rucker for furnishing the tubercle wax, Miss Willa 
MeNitt for furnishing some of the sera and Dr. John A. Kolmer 
for many kind suggestions. 
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PROCEEDINGS OF THE AMERICAN ASSOCIATION OF 
IMMUNOLOGISTS 


Tuirp ANNUAL MEETING, HELD IN WasHINGTON, D. C. 


May 11, 1916 


The President, Dr. J. W. Jobling, in the chair. 

The following officers were elected for the ensuing year: President, 
Richard Weil, New York City; Vice-President, John A. Kolmer, Phila- 
delphia, Pa.; Treasurer, Willard J. Stone, Toledo, Ohio; Secretary, Mar- 
tin J. Synnott, Montclair, N. J. 

Members of the Council: Arthur F. Coca, New York City, term ex- 
pires 1921; William H. Park, New York City, term expires 1920. 


1. THe RELATION OF Liporps To IMMUNE REACTIONS! 


J. W. Jobling. 
2. ADDITIONAL Facts CONCERNING THE PROTEIN POISON 


Victor C. Vaughan: Since the author’s last publication on this sub- 
ject the following facts have been ascertained by his students and him- 
self: 

1. Casein yields a large per cent of the protein poison. 

2. The protein poison after the removal of all traces of mineral acid 
is strongly acid in and of itself. 

3. The protein poison does not give the ninhydrin test, but does so 
after being split up with acid. 

4. The poison gives a skin reaction in all persons. 

5. The poison is not without harm when administered by mouth. 

6. Animals may be acutely or chronically poisoned by oral adminis- 
tration. 

i In chronic poisoning by feeding, extensive fatty degeneration re- 
sults. 

8. The protein poisons from diverse proteins are not identical. 

9. The protein poison from casein combines with certain unbroken 
proteins. In this combination the acidity of the poison is neutralized 
and its physiological action diminished. 

10. From the tissues of animals killed with the protein poison, it 
may be extracted with acidified alcohol, and its presence demonstrated 
and amount roughly estimated by intraveneous injections of guinea- 


pigs. 
1President’s Address (see p. 491). 
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3. Tue INADEQUACY OF THE ANAPHYLATOXIN THEORY OF ANAPHYLAXIS 


Richard Weil: The discussion is limited to the consideration of ana- 
phylatoxin in the sense originally intended by Friedberger; namely, the 
product of the incubation of antigen and antibody in the presence of 
serum. The characteristic features of the test tube reaction are (1) 
that it takes place not only through the interaction of an immunologi- 
cal couple, namely antigen and antibody, but of entirely unrelated 
sera; (2) That the two factors must be in certain definitely limited 
quantitative relationships; (3) that it is slow and gradual; (4) that it re- 
quires the presence of complement. In every one of these features it 
differs from the anaphylactic reaction in the living animal or in the 
suspended uterus. 

The crucial test consists in the fact that it is impossible to produce 
the anaphylactic reaction in the animal by conditions which duplicate 
those in the test tube, namely the simultaneous intravenous injection 
of the two factors, antiserum and antigen. 

According to the physical theory, the reaction is simply an expres- 
sion of the alteration of cellular equilibrium which results when exter- 
nal antigen is brought into contact with cellular antibody. The char- 
acteristics of the reaction are all entirely in keeping with this interpre- 
tation. The precipitation reaction in the test tube, which is not ac- 
companied by the chemical destruction of either factor, (1) is immedi- 
ate; (2) proceeds in the absence of complement; (3) requires relatively 
large amounts of antibody and relatively minute amounts of antigen. 
In these respects it is perfectly analogous with the anaphylactic reaction. 
If, in place of the visible alteration, expressed as precipitation in the 
test tube, interaction of the two factors 7n vivo is supposed to produce 
an alteration of cellular equilibrium, such as will act as a cellular stimu- 
lus, all the requirements of the problem are satisfied. In view of the 
fact that precipitin has been demonstrated to be identical with the sen- 
sitizing antibody, this explanation of anaphylaxis seems almost self evi- 
dent. This conception rids us of the necessity of postulating an inter- 
mediate chemical product, namely anaphylatoxin; such a postulate is 
not only superfluous, but it is also entirely incompatible with all of the 
characteristic features of the reaction. 

The preceding discussion is limited to phenomena ascertained in 
guinea-pigs. Anaphylatoxin has been produced only through the incu- 
bation of guinea pig serum. Yet in the guinea pig the conclusion seems 
unavoidable that anaphylactic death is due to a cellular reaction, and 
that the serum changes play no role therein. There is no question, on 
the other hand, that during the prolonged or delayed shock of the dog, 
striking alterations occur in the chemical composition of the blood. 
These changes are due in the first instance to the freeing of protease, 
as a result of the reaction of the sensitized cells to the antigen. It still 
remains to determine whether the changes in the serum produced through 
the activity of the protease are really the cause of the later symptoms, 
or merely accompaniments of the shock in this species. Even in the 
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former event, the primary step in the entire reaction, namely the dis- 
charge of protease, would be cellular. 


4. Srupres REGARDING THE ACTION OF DIFFERENT BLOOD SERA UPON 
Various TISSUE SUBSTRATES 


E. Abderhalden (presented by O. Berghausen). 


5. Tur Specific CHARACTER OF IMMUNITY REACTIONS 


E. C. L. Miller: Ordinary immunity reactions may be considered 
as a result of training. A horse to produce diphtheria antitoxin must 
have been injected with diphtheria toxin, a child to be immune to scar- 
let fever must have had scarlet fever. This immunity is specific. The 
horse that has been injected with diphtheria toxin produces diphtheria 
antitoxin and not tetanus antitoxin; the child that has recovered from 
scarlet fever is immune to scarlet fever and not to measles. All our 
thinking about immunity is based on the assumption that the relation 
of antigen to antibody is specific. Medico-legal tests for blood have 
been worked out and accepted by the courts on the assumption that 
only one antigen could react with the same antibody. Now, however, 
there is evidence that this is not true, that two or more antigens may 
produce the same antibody and that the same antigen may produce two 
or more antibodies. This has been particularly well demonstrated in 
the hemolysis of the red blood cells of sheep. It has been shownby a 
number of workers that a specific sheep hemolysin can be produced in 
a rabbit not only by the injection of sheep blood cells but also by the 
injection of such entirely unrelated substances as the liver of the guinea 
pig, the gills of a carp or the kidneys of a turtle. The explanation of 
this seems to be that the relation of antigen to antibody does not de- 
pend on the entire protein molecule as a whole but rather on certain 
groups in the molecule and it so happens that various unrelated sub- 
stances contain these groups and so produce a common antibody. 


DISCUSSION OF THE PRECEDING FIVE PAPERS 


H. Gideon Wells stated that in all problems of immunology, speci- 
ficity is the vital point which can never be overlooked without disaster. 
Nevertheless, many hypotheses have been developed which entirely dis- 
regard specificity, and, therefore, must obviously be incorrect. In 
studying the principles of immunology there have been great difficul- 
ties because of the failure to grasp the essential principles, as laid down 
by Jacques Loeb—that in studying the fundamental principles of bio- 
logical processes one must reduce the elements involved to the simplest 
possible, for at the best the reactions are complex and beyond our in- 
terpretation. It will be recalled that he reduced the factors in his re- 
actions to the simplest possible, by using the single egg as a living organ- 
ism and the simple inorganic salts as his agents. In studying the 
principles of immunology we should follow these principles as far as 
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possible. Unfortunately, we apparently cannot get below the whole pro- 
tein molecule as one end of our reactions and generally must use the 
warm blooded mammals for the other side of the equation, although 
possibly work on cell cultures may help us to simplify our materials. 

The best we can do, therefore, is to use pure protein, and, fortunately, 
there are some proteins that can be obtained in relatively pure condi- 
tion. Those proteins, which differ greatly from the great majority of 
proteins, are especially favorable materials for purification, such as non- 
coagulable ovomucoid of egg white or alcohol soluble proteins of the 
grains. Using such isolated proteins, and others, we have found evi- 
dence that, delicate as the specificity of immunological reactions seems 
to be, immunological differences do not seem to occur between proteins 
that cannot also be differentiated chemically. The specificity differ- 
ences of the different proteins seem to agree with differences in chemi- 
cal composition, and, as yet, we have not found finer differences as 
might be expected, such as stereoisomeric differences with identical 
chemical composition. 

To illustrate; by comparative study of different proteins isolated 
from hen’s egg by anaphylaxis, I was able to distinguish five proteins 
definitely distinguishable from one another by this means. Osborne 
and Harris, working by chemical means, isolated from hen’s egg five 
different proteins which corresponded exactly to the five antigens differ- 
entiated by anaphylaxis. Proteins of the egg that could not be differ- 
entiated by chemistry could not be differentiated by anaphylaxis. 

Dr. Osborne and I have also found in many cases that proteins which 
are isolated by chemical means can be checked up very nicely as to their 
individuality by anaphylaxis and other immunological reactions, and 
immunological methods have been found to be of much help in estab- 
lishing the chemical identity of unknown proteins. 

John A. Kolmer said that it would be difficult to improve upon the 
excellent résumé presented by Dr. Jobling on the relation of lipoids 
to immunity. He agreed with the essayist that more and more impor- 
tance is being attached to the role of lipoids in this field. 

Dr. Kolmer stated that it has been amply proven that toxic sub- 
stances may be prepared of various animal and vegetable proteins by 
the method employed by Dr. Vaughan; that likewise toxic substances 
could be produced in normal and immune sera by the addition of such 
substances as kaolin and agar capable of producing anaphylactic-like 
symptoms and lesions in experimental animals, but that it was not yet 
clear what relation these observations bore to the mechanism of ana- 
phylaxis and particularly so in view of the work presented by Dr. 
Novy within the past few days. He asked Dr. Vaughan if he was 
prepared this morning to make any further statement in regard to the 
relation between his protein poison and the mechanism of anaphylaxis. 

Dr. Kolmer asked Dr. Miller if he had made careful titrations of the 
content of antisheep hemolysin in the sera of his rabbits before immuni- 
zation as the sera of a large proportion of these animals contain natural 
antisheep hemolysin. 
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Dr. Kolmer also stated that in his opinion “‘group reactions” in 
immunity were best explained at the present time according to the 
views expressed by Dr. Wells in his discussion. 

Victor C. Vaughan said that he had watched Dr. Novy’s experiments 
with the deepest interest. ‘‘Even before Doctor Novy spoke to me 
about it, I had observed the appearing and disappearing and reappear- 
ing wave of toxicity in serums being incubated with agar and other 
foreign bodies. I spent much time and sacrificed many animals in 
trying to measure these waves and catch the rhythm of the toxicity, 
but without results. JI am not yet ready to abandon the idea that a 
protein poison is formed in anaphylactic shock. No one can tell 
whether this is due to a chemical or physical process. It is difficult 
to draw a line between physical and chemical changes. I can conceive 
that a body so complex as the protein molecule may be disassociated 
and a poisonous action developed even by high dilution. If so stable 
a body as sodium chloride can be broken up into its ions by dilution, 
is it not possible that even more marked alterations might occur in a 
highly complex molecule. I am convinced of the fact that the blood 
contains proteins from which a poisonous group is easily detached. 
Doctor Novy has accumulated much experimental data. I hope that 
he will soon publish his protocols and give all of us an opportunity to 
try our hand at theory and explanation.” 

James W. Jobling: As Dr. Weil states, recent work shows that the 
intoxicating dose in anaphylaxis probably acts first on the cells. In 
guinea-pigs it causes a contraction of the muscle cells of the bronchi to 
such a degree that immediate death ensues from asphyxia. In dogs, 
however, death does not occur for several hours, and the clinical pic- 
ture is quite different. In the latter case we have observed definite 
changes in the blood, and we believe that death is probably due to the 
products of protein cleavage. The ferments, which are greatly increased 
in amount, are probably liberated as a result of the cell stimulation, and 
their activity is dependent upon colloidal changes that have taken 
place when the antigen is brought into contact with the serum. We 
observed a definite increase in the higher and lower protein cleavage 
products in the blood. These we believe are derived from the serum 
proteins and not from those introduced. 

Richard Weil closed the discussion. He said that he was not par- 
ticularly interested in establishing the universal validity of any of the 
current theories of anaphylaxis. Attempts of this sort had done more 
in the past to obscure the truth than to advance it. For example, the 
discovery by Friedberger that anaphylatoxin could be produced in the 
test tube led at once to the assumption that such a substance was pro- 
duced in vivo and was the actual cause of death in the guinea pig, 
consequently the German school expended a great deal of labor to over- 
throw the cellular theory of anaphylaxis in the guinea pig and to 
establish the humoral theory in order to vindicate the truth of the pri- 
mary assumption. Time, however, has completely established the 
truth of the cellular theory, so that in the guinea pig, at all events, it 
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seems certain that serum changes, with the production of so-called 
anaphylatoxin, can play no role in the typical evolution of shock. It 
would, however, be just as serious a mistake to assume that the process 
which takes place in the guinea pig must necessarily be universally 
applicable to the anaphylactic phenomenon throughout the animal 
kingdom. We know that as between the guinea pig and the dog, for 
example, certain striking differences exist. The white cells of the 
guinea-pig contain tryptic ferments, those of the dog contain none. 
Serum of the guinea pig is rich in proteolytic ferment; serum of the dog 
contains little, if any. Furthermore, it seems likely that the liver is 
essential to anaphylactic shock in the dog, whereas it plays no rdéle 
in the guinea pig. Possibly, therefore, the mechanism in the two 
species is entirely different, as is further indicated by the rather strik- 
ing differences in the anaphylactic symptoms themselves. We know 
with certainty that serum changes of chemical nature accompany ana- 
phylactic shock in the dog. This fact, however, by no means argues 
that these changes are productive of the anaphylactic symptoms. 
Those symptoms may result from the gradual development of the 
cellular response to the antigen, taking place, however, more slowly 
and more gradually than in the guinea pig, just exactly as diphtheria 
toxin produces its effect slowly and gradually. In other words, as I 
have already stated, it still remains to determine whether serum changes 
in the dog, resulting in the production of some unidentified substance 
described as anaphylatoxin, are simply an accompaniment of anaphy- 
lactic shock in that animal, or are actually productive of the symptoms 
thereof. 


6. THE PHENOMENON OF LEUCOCYTOSIS AND Its IMPORTANCE AS A 
D1aGnostTic SIGN IN VACCINE TREATMENT! 


Joseph Head: J have taken 54 of my vaccine patients and made 714 
separate blood counts containing complete data. Of these 54 cases 
33 did not in the course of the treatment give a leucocyte count of over 
10,000, but 21 cases did show transitory leucocyte counts of over 
20,000 that jumped like a rocket from 5, 6, or 7,000 to 40, or 100,000, 
only in a few days to sink back to 8000 or 4000, with either no symp- 
toms to speak of or an indisposition so slight as to be almost negligible. 
This series of cases is too small to warrant definite conclusions and 
should be corroborated by other observers before being accepted too 
seriously, yet they certainly indicate that a transient leucocyte count 
cannot be considered of itself an infallible sign of pus or even of semi- 
acute inflammation of a serious nature. Persistence of the leuco- 
cytosis accompanied by a great falling off of the red cells and hemo- 
globin would indicate a condition of an entirely different significance. 


1Subseguent to the presentation of this paper it was pointed out to Dr. Head 
that several of the highest leucocyte counts reported by him in different indi- 
viduals were observed by the same personon the same day. This coincidence indi- 
cates that an error may have been introduced into all of those counts.—Zditor. 
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Blood count work is of great value in determining vaccine dosage. In 
one or two cases in which the infections were chronic or general, the 
blood counts were of no value as a guide, but ordinarily they will give 
accurate sensitive warning of an oncoming reaction. The red cells 
may drop off as may the hemoglobin, the leucocytes may jump up or 
drop to two or three thousand, or a lymphocytosis of 50 per cent may 
develop. There is, however, no one special phase to be looked for as 
peculiarly diagnostic; it is the way the blood acts generally under the 
treatment that should be noted. If the hemoglobin, red cells and white 
cells are fairly normal in number, sizeand staining capacity or ifthe 
constituents of the blood under vaccine treatment show a steady im- 
provement, the vaccine dosage can be maintained or increased, but if 
the dose of vaccine is followed either by leucocytosis or leukopenia or 
the red cells or hemoglobin drop off or if poikilocytes or nucleated red 
cells appear, the vaccine dosage should be watched with great caution, 
and if unfavorable symptoms develop the vaccine should be, at least 
temporarily, stopped. 

Dr. Head announced his intention of endeavoring to corroborate his 
reports by more conclusive data,whereby team laboratory work would 
check his findings. 

At the present time of writing Dr. Head is not convinced of the 
aecuracy of his findings. He took his results to the meeting of the 
Society of Immunologists for information and advice. 


7. Tue AcTION AND THERAPEUTIC Errects oF Leucocytic ExTRActT 
(ARCHIBALD). A PRELIMINARY REPORT 


W. E. Richard Schottstaedt (presented by Willard J. Stone). The 
work has been carried on with leucocytic extract (Archibald) prepared 
from leucocytes obtained directly from the blood of normal animals. 
Subcutaneous injections in normal individuals and in patients suffer- 
ing from acute infections produces a marked leucocytosis. The leuco- 
cyte increase is often 300 per cent, is highest within ten or twelve hours 
after the administration of the extract. The increase in the neutro- 
phile elements is particularly marked and coincident with it there isa 
less marked increase in eosinophile cells. 

Clinically, striking beneficial results in man have been obtained fol- 
lowing its use in acute infections, such as furunculosis, pheumonia, 
acute bronchitis, acute tonsilitis. Chronic infections have had a less 
striking clinical improvement, though the leucocytic increase has been 
as marked as in the above cases. 


DISCUSSION OF THE PRECEDING TWO PAPERS 


Wm. Egbert Robertson: The results presented by Dr. Head are some- 
what contradictory and very difficult of interpretation. As a general 
rule, any infection that gives rise to a leucocytosis causes at the same 
time a more or less pronounced anemia. Yet, according to his figures, 
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in many instances the blood count is relatively normal but for the 
often startling leucocyte count. I have had a large number of blood 
counts made in patients that presented more or less marked pyorrhea, 
but in no instance have I ever noted any approach to the extraordinary 
increase in the white cells to which Dr. Head calls attention. I am 
not sufficiently familiar with his work to justify any comment upon 
the possibility of technical errors, but I should be much inclined to 
doubt the leucocytosis recorded by him, particularly in some of the 
instances in those who have nothing more than a pyorrhea. Equally 
difficult of explanation, and I may add, equally improbable are the 
recorded differential counts, especially with respect to the percentage 
of eosinophiles. Though the genesis of eosinophilia is not definitely 
understood, we are fairly familiar with all of the conditions giving rise 
to it and among these we cannot include pyorrhea. We find it impossi- 
ble therefore, to draw any definite conclusion from the results presented 
by Dr. Head, though the very elaborate and beautiful charts show a 
tremendous amount of earnest and very pains-taking work. 
Concerning the leucocytic extract of Archibald and Moore, Dr. 
Robertson stated that he had never employed this. He further said 
that he had read an article by these authors, which was published in 
the Archives of Internal Medicine in 1914. The object of the authors 
was to produce a leucocytic extract with greater ease and in greater 
quantity than that obtained by Hiss and Zinsser. Manwaring also 
found that they were able to obtain very small amounts: by inject- 
ing a 5 per cent suspension of aleuronat into the pleural cavities of 
rabbits. He, therefore, employed horses. Archibald and Moore, on 
the other hand, extracted blood under antiseptic precautions from 
the jugular vein of the horse or of some one of the domestic animals. 
This was immediately citrated and 0.5 of 1 per cent of acetic acid was 
added to destroy the red cells. The mixture was then centrifuged and 
the supernatant fluid was discarded. The sediment, which is rich in 
leucocytes, was washed several times in physiologic salt solution, ground 
with quartz and neutralized. Distilled water was then added to the 
sediment in the proportion of 4 to 1, heated at 58°C. for one hour and 
placed in an incubator until cytolysis was complete. It was again 
centrifuged, the supernatant fluid discarded and tri-cresol added for 
preservation. There is no doubt at all that these extracts have some 
value, but the trend today is away from specificity. For some years 
an occasional report has appeared in the literature, showing that non- 
specific split protein products yield results apparently quite equal to 
those that have beén obtained by specific substances, notably bacterins. 
It must also be borne in mind that the best results follow intravenous 
injection. Dr. Robertson stated that Hiss and Zinsser’s work sug- 
gested to him the use of purulent pleural exudates, particularly chronic 
cases with discharging sinuses, or cases which prove sluggish within a 
few weeks following operative interference. He inactivated the fluid 
at 56° for an hour and then injected 10 cc. This is not only a leuco- 
cytic extract, but in many instances also a bacterin. Only rarely did 
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abscess formation occur at the site of injection, but if Tessiae’s fixation 
abscess is of any clinical value, then three possibilities are to be con- 
sidered through which such a substance may effect beneficent results. 
(1) The fixation abscess, (2) The leucocytic extract, and (3) The bac- 
terin. 

This subject was referred to by Dr. Robertson in a paper read by 
him at the first meeting held by this Society which took place in Atlantic 
City. 

William Lintz: We have made experiments with guinea pigs and 
rabbits, inoculating them every two hours and it was interesting to note 
the marked polymorphonuclear count that followed, as well as the 
marked leucocytosis. Leucocytic extract has been prepared by us 
and we find that we get the best results by the use of distilled water. 
Out of 15 to 18 cases of pneumonia in which there was a decided leuco- 
cytosis, only one case was benefited by the use of the leucocytic extract. 


8. ConcERNING ALLERGIC Skrn REACTIONS AS AN INDEX OF IMMUNITY 


John A. Kolmer: These experiments were undertaken primarily to 
determine whether the sera of persons and animals reacting positively 
and negatively to various allergic skin tests contain lytic antibodies for 
the corresponding living microérganisms and if so, whether or not these 
antibodies bear a quantitative relationship to the allergic reactions; 
secondarily to determine the relationship if any, among bacteriolytiec, 
agelutinating and complement-fixing antibodies in the sera of persons 
and animals reacting variously to allergic skin tests. 

The sera of persons reacting positively and negatively to the ty- 
phoidin, luetin and diphtherin tests were studied; also the sera of dogs 
reacting positively and negatively to the intracutaneous injection of an 
emulsion of B. bronchisepticus. 

Bactericidal tests with B. typhosus, B. diphtheria and B. bronchi- 
septicus were conducted with a modified looped-pipet method of Wright; 
spirocheticidal tests in vitro were conducted with a pure culture of 7. 
pallidum. 

The sera of normal persons possessed a marked bactericidal power 
for B. typhosus; the bacteriolysin for B. typhosus in the sera of normal 
persons and of persons that had typhoid fever or had been immunized 
with typhoid vaccine was high but bore no relation to the typhoidin 
skin reactions. 

The sera of syphilitic persons in the tertiary stages who reacted posi- 
tively and negatively to the leutin skin test and the sera of normal 
persons showed no appreciable spirocheticidal activity for a pure culture 
of 7. pallidum. 

The sera of persons reacting positively and negatively to the intra- 
cutaneous injection of a washed polyvalent antigen of diphtheria bacilli 
showed an absence of bactericidal power for B. diphtheria. 

The sera of dogs suffering with distemper; also the sera of healthy 
dogs and of dogs immunized with B. bronchisepticus and reacting posi- 
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tively and negatively to an intracutaneous allergic reaction were found 
to be without appreciable bactericidal power for B. bronchisepticus. 

Agglutinins and complement-fixing antibodies in the sera of persons 
and animals for these various microédrganisms bore no relation to the 
skin reactions. 

These studies demonstrate that there is no experimental support for 
the theory that allergic skin reactions may be taken as an index to 
resistance and immunity in so far as it is possible to determine the 
presence of antibodies in vitro. 


9. ImmuNnITY RESULTS OBTAINED FROM THE USE OF DIPHTHERIA 
ToxiIn-ANTITOXIN MIXTURES AND THE USE OF THE ScHIcK TEST 


Wm. H. Park and A. Zingher: The authors presented a series of over 
one thousand cases, that had been actively immunized with diph- 
theria toxin-antitoxin mixtures. These susceptible individuals were 
selected by means of the Schick test out of a total of about 10,000 chil- 
dren and adults in ten different institutions. 

The mixtures of toxin-antitoxin that were used for immunization 
were either neutral (66-70 per cent L + to each unit of antitoxin) or 
slightly toxic (80-90 per cent L-+ to each unit of antitoxin) to the 
guinea-pig. The dose was varied form 0.5 ce. to 1.0 cc., and the num- 
ber of injections from one to three. The injections were made subcu- 
taneously at intervals of 7 days. The local reactions at the site of 
injection were generally mild; in the older children and adults, the red- 
ness and swelling were more marked. General symptoms, like malaise, 
and temperature of 100—102° F. were noted in 10 to 20 per cent of the 
cases; in a few the temperature reached 104°F. The symptoms lasted 
24 to 48 hours, and then rapidly subsided. Both local and general 
symptoms were especially evident in those that showed a suscepti- 
bility to the protein by giving a combined pseudo and true Schick 
reaction. No harmful after effects were noted in several thousand 
injections. 

The retests with the Schick reaction showed that only 30 to 40 per 
cent became immune 3 weeks after the first injection; about 50 per 
cent at 4 weeks, 70 to 80 per cent at 6 weeks, and 90 to 95 per cent at 
8 to 12 weeks. The best results were obtained with the full immuniza- 
tion, consisting of 3 injections of 1.0 cc. each, given at weekly intervals. 
The duration of the active Immunity was studied in a group of chil- 
dren that were followed up for over one and one-half years; these cases. 
showed that the active immunity persisted for at least that length of 
time. It is possible, that the immunity induced by the injections of 
toxin-antitoxin starts a continued cellular production of antitoxin, 
which otherwise would have appeared much later in life. 

From their results Park and Zingher concluded that it is advisable 
to immunize children soon after the first year of life, so as to afford 
them a protection against diphtheria at a time when the disease is most 
dangerous. In addition such young children, by not having any hyper- 
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sensitiveness to the bacillus protein, show very mild local and con- 
stitutional symptoms after the injections. An immune child popula- 
tion could thus be developed with the result that fresh clinical cases 
would be prevented and the bacillus carrier would probably soon dis- 
appear as a hygienic factor in our communities. 

Interesting and parallel results were noted in guinea-pigs and horses. 
Guinea-pigs are fairly resistant toactive immunization with diphtheria 
toxin-antitoxin, and in that respect they show an almost complete 
parallelism to the positive Schick cases among human beings. After 
injections of toxin-antitoxin, an antitoxic immunity develops slowly 
from the sixth to eighth week. Horses, on the other hand, as a rule 
correspond in their behavior toward small doses of toxin-antitoxin to 
human beings, who are naturally immune. They both give a ready 
response, even after a single injection of toxin-antitoxin, and show a 
distinct increase in the antitoxin content toward the end of the first 
week. Occasionally, a horse is found that has no antitoxin in the con- 
trol bleeding; such animals respond slowly to small doses of toxin- 
antitoxin. It is probable that the tissue cells of the naturally immune 
human beings and the majority of horses have acquired the property 
of giving a quick and easy response to the stimulation of diphtheria 
toxin. 

The use of the Schick test in the selection of susceptible children 
for immunization and in controlling the results of the treatment is justi- 
fied by the great clinical accuracy which the test has shown during a 
period of several years in the separation of the susceptible from the 
immune individuals. The test should be carried out properly with a 
fresh toxin solution, and the results read daily, for a period of 72 to 96 
hours. The pseudo-reactions should be controlled with heated toxin, 
or recognized by their rapid disappearance after 72 hours. It is only 
these individuals who give the more marked local reactions after the 
injections of toxin-antitoxin. 

In conclusion Park and Zingher stated that the Research Laboratory 
of the New York City Department of Health, would supply those who 
are connected with institutions, and interested in taking up the work, 
both the toxin for the Schick test, and the toxin-antitoxin for immuni- 
zation. 


10. ANAPHYLACTIC Foop REAcTIONS IN DERMATOLOGY WITH SPECIAL 
REFERENCE TO ECZEMA 


Albert Strickler: Fourteen food products have been tried out in the 
attempt to demonstrate their relation to various skin diseases. In all, 
four diseases were studied :—eczema, urticaria, acne and psoriasis. The 
method of injection employed was the intradermic one. The dose 
used was ;!, cc. In none of our cases was there any manifestation of 
soreness of the arm or enlargement of the associated lymphatic glands. 
We studied in all 46 cases of eczema, and the majority of them were 
kept under observation for some weeks. We studied 10 cases with 
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urticaria, 13 patients with acne and 11 with psoriasis. From this study 
we conclude that the anaphylactic skin tests are of value in the etiologi- 
cal diagnosis and in the treatment of various diseases of the skin. 
These reactions find their greatest value in eczema. In chronic urti- 
caria, acne and psoriasis the tests are disappointing. Approximately 
20 per cent of individuals affected with eczema are not sensitive to any 
of the common foods. Normal people do not react to these tests. As 
yet, our experience is too limited to draw definite conclusions. 


11. CoMPARATIVE STUDIES OF THE WASSERMANN AND HeEcHT-WEIN- 
BERG REACTIONS IN SYPHILIS, WITH SPECIAL REFERENCE TO 
CHOLESTERINIZED ANTIGENS 


John A. Kolmer: The Hecht-Weinberg test utilizes the complement 
and natural antisheep hemolysin of the human serum. 

The primary object of this study was to determine whether this test 
is more delicate than the Wassermann reaction conducted with cho- 
lesterinized extracts. 

The Hecht-Weinberg tests were conducted after the modification of 
Gradwohl by which the hemolytic activity and accordingly the proper 
dose of sheep cells to be used for each serum is determined according 
to the amount of a 5 per cent emulsion of sheep cells hemolysed by 
0.1 ec. of serum. 

The same three extracts were used in the Hecht-Weinberg and 
Wassermann tests; namely, an alcoholic extract of human heart reén- 
forced with 0.4 per cent cholesterin; an alcoholic extract of syphilitic 
liver and an extract of acetone insoluble lipoids of beef heart. All 
extracts were titrated for the antilytic and antigenic units in both 
systems respectively. 

With sera collected 24 to 48 hours previously, 93 per cent were found 
to contain sufficient complement and antisheep hemolysin to permit 
the conduct of the Hecht-Weinberg test. 

In 82 per cent of sera the results of the Hecht-Weinberg and Wasser- 
mann reactions were the same. 

In 18 per cent of sera the results varied and in this manner: in 15 
per cent the Wassermann was negative and the Hecht-Weinberg test 
positive. Of these reactions the positive Hecht-Weinberg tests were 
largely correct and occurred mostly with the sera of syphilitic persons 
under vigorous treatment; in 3 per cent the Wassermann was positive 
and the Hecht-Weinberg was negative and all of these occurred with 
the sera of persons in the latent and tertiary stages of syphilis. 

With the sera of persons known not to be syphilitic the Hecht-Wein- 
berg test showed about 10 per cent falsely positive reactions; most of 
these reactions occurred with the alcoholic extract of syphilitic liver and 
fewest with the extract of acetone insoluble lipoids. All of these sera 
yielded negative Wassermann reactions with all antigens. 

The Hecht-Weinberg test was found unreliable in the diagnosis of 
syphilis on account of the tendency to yield proteotrophic reactions; it 
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is more delicate, however, than the Wassermann test and has its great- 
est value in a negative reaction as a control on treatment with the sera 
of known syphilitics. 

In conducting the Hecht-Weinberg test, alcoholic extracts of syphi- 
litic liver were found least and extracts of acetone insoluble lipoids 
best suited for this technic. 


DISCUSSION OF THE PRECEDING FOUR PAPERS 


Edward B. Vedder: I wish to ask Dr. Kolmer whether he has used 
antigen in a dilution of one to six instead of the customary dilution of 
one to ten, as recommended by Walker in order to determine whether 
syphilitics were cured. I would also like to ask if the use of antigen 
in this quantity (t-6) in the ordinary Wassermann would not furnish 
as good evidence of cure as that obtained by the use of the Hecht- 
Weinberg test. 

James W. Jobling asked Dr. Kolmer if his failure to obtain bac- 
teriolysis with 0.2 cc. of the serum of vaccinated individuals might not 
be due to the Neisser-Wechsberg phenomenon? 

John A. Kolmer, in replying to. Dr. Jobling’s question, stated that he 
did not suspect that complement deviation in the meaning of Neisser 
and Wechsberg exerted an influence in his technic, because of the pro- 
gressively higher dilutions of culture until as few as 10 to 100 bacilli 
per cubic centimeter were obtained. 

Oscar Berghausen said that he had been in the habit of using differ- 
ent antigensin determining the Wassermann reaction,a cholesterinized, 
Noguchi’s acetone insoluble fraction, and a luetic liver alcoholic extract. 
He had been able to obtain a positive reaction with one or the other, 
or with all, of the antigens, with most of the sera obtained from syphilitic 
patients. As a rule, when the antigen which had given a positive 
Wassermann reaction, was employed for the determination of the 
Hecht-Weinberg reaction, the reaction was again positive. However, 
using different antigens might result in a positive Wassermann and a 
negative Hecht-Weinberg; so that a great deal depended upon the 
selection of the antigen. In his experience, the Wassermann was the 
control over the Hecht-Weinberg reaction. He placed a great deal of 
dependence upon the outcome of the reaction with cholesterinized anti- 
gens; only occasionally were false positive reactions obtained. 

John A. Kolmer, in closing the discussion, said that he had not used 
Dr. Walker’s method with larger doses of cholesterinized antigen in the 
group of cases mentioned, but that he could well understand that this 
technic made the test more delicate and was acceptable from this 
standpoint. He stated that owing to the antilytic properties of cho- 
lesterin he did not employ any of these extracts unless the anticomple- 
mentary unit of each was at least twenty times greater than the anti- 
genic unit. 

Dr. Kolmer said he overlooked stating that in a study of the non- 
specific reactions observed with the Hecht-Weinberg technic with nor- 
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mal sera, that all sera had been likewise subjected to the Wassermann 
test and all reacted negatively with all antigens including the cho- 
lesterinized extracts. 


12. Tue LOCALIZATION OF A STREPTOCOCCUS IN ANIMALS FROM A CASE 
oF RECURRING NEURITIS AND MyosITISs 


Edward C. Rosenow (see this volume, page 363). 


DISCUSSION 


George W. Wheeler stated that streptococci are usually classified, 
according to their effects on blood-agar plates, as hemolytic or non- 
hemolytic. The non-hemolytic varieties have been further classified 
according to their fermentation reactions with different sugars, but 
wide variations are found by these methods, due to variations in the 
organisms themselves and to chemical changes in the sugars during 
the process of sterilizing the media. None of these differential methods 
gives any clue as to what the streptococci will do when they are in the 
animal body. 

Dr. Rosenow’s work begins where these methods end, his original 
idea being that organisms growing in the human body have certain 
delicate, transient, biological activities, which are soon lost when the 
bacteria are grown on artificial media. In order to demonstrate these 
activities, the organism must be transferred from the human body to 
animals, the original culture from the patient being used for inocula- 
tion, and the lesions in these animals studied. Animal inoculations 
with recently isolated strains, grown under certain definite conditions, 
show that the lesions produced in the animals are very often similar 
to those in the patient from whom the organisms were obtained. 
Whether this is merely a coincidence or whether it is due to a specific 
affinity, which the organisms have for certain tissues, can be deter- 
mined when a great deal of experimental evidence of this kind has been 
presented and carefully examined. Control animals are necessary in 
order to rule out the possibility of the lesions being spontaneous. 

The speaker said that in work which he had done, according to the 
methods described by Rosenow, with streptococci from nine cases of 
arthritis and endocarditis, lesions in joints were found in the animals 
in 75 per cent—in muscles, 63 per cent; in the heart, 55 per cent, while 
in other organs lesions were relatively infrequent; apvendix, 6 per cent; 
stomach, 11 per cent; brain and cord, 6 per cent. 

Joseph Head: The mouth is such an excellent culture oven that 
any germ may occasionally be found in it. Obviously only a small 
percentage of the germs that are introduced into the mouth find lodg- 
ment within the tissues and become pathogenic. In making my bac- 
terial examinations for autogenous vaccines, I cauterize the surface 
of the infected spot with an electric cautery until it turns slightly 
white and then extract blood from the tissues through the cauterized 
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spot with a hot platinum spear. Out of 400 such examinations I 
found streptococci in 95 per cent; bacillus influenzae and micrococcus 
catarrhalis in about 75 per cent; while the pneumococcus appeared in 
about 25 per cent. The pus taken from a pus pocket in one case gave 
80 per cent of pnewmococcus mucosus in the material; the rest con- 
tained streptococci, bacillus influenzae and micrococcus catarrhalis. 
After giving a vaccine made of these ten times, the mouth healed and 
the pneumococcus was not discovered again in the various pockets. 
The work of Rosenow concerning the pulp infection from the circula- 
tion is very valuable because it gives a quietus to those who think it 
an unwise procedure to take out a live infected nerve when it is evident 
to all thoughtful observers that a living pulp may be a great source of 
systemic disease. 

Oscar Berghausen said he wished to congratulate Dr. Rosenow upon 
the work he had done. Last summer he had had the opportunity 
of seeing a case of generalized herpes of the extremities and of the lips, 
and that he had isolated a definite organism, the micrococcus pyo- 
genes. In such cases there was a bad prognosis, most of them dying 
inside of one or two years. In this case, an autogenous vaccine was 
administered and was followed by recovery in about two months time. 
The patient was relieved for a period of eight months, when a slight 
recurrence took place. 

E. C. Rosenow closed the discussion. He said that he preferred 
using the terms ‘‘green-producing” and “‘hemolyzing streptococci” 
instead of streptococcus viridans and hemolytic streptococcus, because 
there appeared to be numerous variants of each strain, particularly of 
the former, and because one may be transmuted into the other. 

He expressed his appreciation of the splendid work of Cole and 
Dochez and their associates at the Rockefeller Institute, on the classifi- 
cation and immunological observations on pneumococci, and that pneu- 
mococci showed in his hands as with these workers fixed characters 
when grown in the usual way, but that when pneumococci are placed 
under special environment, they lose their specific agglutinating reac- 
tions and take on new features, and they may be converted even into 
hemolyzing streptococci. 

The demonstration of living streptococci in the muscles in the case 
reported during the quiescent interval is of importance, and in accord 
with similar findings in ulcer of the stomach, chronic rheumatism and 
cholecystitis, etc. because it shows that not too much should be expected 
from the removal of the primary focus in these diseases, which are 
characterized by exacerbations and quiescent intervals, and serves to 
explain the nature of these exacerbations and remissions. 


13. STUDIES IN THE EpipEMIOLOGY oF LOBAR PNEUMONIA 


A. R. Dochez: A study of pneumococci isolated from individuals 
suffering from lobar pneumonia has shown that the majority of these 
organisms fall into definite biological groups. In view of these con- 
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stant differential characters of the pneumococcus, it has been deemed 
advisable to study the pneumococci occurring in normal mouths. 

It has been commonly assumed that infection in pneumonia is auto- 
genic and occurs from invasion of the lungs by pneumococci habitually 
carried in the mouth. If this is so, we should find the same types in 
the normal mouths which occur during disease. Examination of a 
series of normal individuals showed this not to be the case. The two 
types of pneumococcus responsible for the majority of the severe cases 
of lobar pneumonia are not found in the normal healthy mouth, except 
in instances where the individual harboring the organism has been in 
intimate association with a case of lobar pneumonia. When such a 
condition exists, the organism found in the normal mouth invariably 
corresponds in type to that found in the lung of the diseased individual. 

These studies make it probable that the majority of the cases of 
pneumonia are dependent either on direct or indirect contact with a 
previous case. 


14. A Notre CoNCERNING THE SPECIFICITY OF PNEUMOCOCCUS TYPES: 
Fata INFEcTION DUE TO ONE TYPE IN A HorsE PRODUCING AN 
ANTI-SERUM OF HicH TITER To ANOTHER TYPE 


A. P. Hitchens, E. K. Tingley and George Hansen: The horse in 
question had been under treatment for several months with a pneumo- 
coccus corresponding in serological reactions with Neufeld Typel. The 
last injection was given about one month before death and the bleeding 
subsequent to this showed that the potency of the serum of this horse 
was such that 1/100,000 ce. of the serum would protect a mouse against 
a fatal dose of pneumococci of the homologous type. 

Blood culture three days before the death of the horse showed the 
presence of a pneumococcus not corresponding in type with that with 
which the animal had been injected. The pneumococcus recovered is 
still under examination. It does not correspond with Type 2 and is 
not the mucosus. It does, however, bear strong resemblance to some 
strains of pneumococci obtained from equine infections. Autopsy of 
the animal showed pulmonary consolidation and inflammation of the 
mucous membranes lining the respiratory passages. 


DISCUSSION OF THE PRECEDING TWO PAPERS 


Edward B. Vedder recommended: 

1. Notification of all cases of pneumonia. 

2. Prompt visit by a health officer, collection of specimens, and 
laboratory diagnosis of the type of organism present; (1) in the patient. 
(2) In the contacts. 

3. Isolation of the patient and of any contacts that harbor the type 
of pneumococcus found in the patient. 

4. A negative culture requirement before the patient or carriers are 
permitted to mingle with the community. 


ca 
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Judson Daland said: The evidence Dr. Rosenow presents proves 
that in some cases infection of the pulp of a root, which could easily 
evenuate in peri-apical abscess, may be haemotogenous in origin. 
Hitherto, most observers have believed that infected root canals and 
peri-apical abscesses were chiefly due to accidental infection, when these 
canals are opened in consequence of caries or when they were emptied 
of their content, and that peri-apical abscesses also occurred by con- 
tiguity; 1.e., peri-apical abscess in one root infecting another in the im- 
mediate neighborhood. This question is of unusual importance because 
of the proven relationship of peri-apical abscess to many systemic 
diseases, and lays open to suspicion, not only the roots of capped or 
devitalized teeth, but also teeth that have shown no caries. 


15. Stupies In TypHoip FEVER 


A. L. Garbat: Our experiments with reference to the complement 
fixation test after prophylactic typhoid vaccination may be summarized 
by stating that a positive complement fixation test after prophylactic 
typhoid immunization is not a regular occurrence, as it is during or after 
typhoid fever. This point may be of aid in deciding for or against the 
diagnosis of typhoid fever in an inoculated individual still having a 
positive Widal and ill with a suspicious typhoid and negative blood 
culture. A positive complement fixation test was obtained most often 
after three injections with a polyvalent vaccine; two injections with 
this same vaccine or three injections with the single strain vaccine 
(Rawlings) gave hardly any complement fixation. 

In view of the many difficulties in the way of stool examinations in 
typhoid fever, we have attempted the direct examination of the bile 
removed from the duodenum. This method has the advantage of avoid- 
ing the great number of contaminating bacteria present in the stool; 
no special media are essential and the bacteria are present in great 
numbers. We have found that culture of the duodenal contents (bile) 
removed by means of the duodenal tube seems to be a more reliable 
and simpler method for the detection of typhoid bacilli than stool 
examinations. 

The serum from convalescent typhoid patients has been employed 
with distinct benefit in three very severe acute typhoid cases. 


DISCUSSION OF DR. GARBAT’S PAPER 


A. H. Sinclair: I believe that after the use of typhoid vaccine, if 
typhoid fever occurs, there must have been some fault either with the 
technique employed or some fault with the vaccine itself. I do not 
believe that any patient that gives a positive Widal after typhoid could 
again contract the disease for many years thereafter. The isolation 
of the bacillus from the blood or from the stools is certainly superior 
in those cases recommended for the applicability of the complement 
fixation test. 
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A. Zingher said that he had used at the Willard Parker Hospital 
during the past 18 months, intramuscular injections of fresh whole 
blood, obtained from convalescent scarlet fever patients. The blood 
was either citrated or non-citrated. Distinct beneficial effects were 
noted in toxic cases after injections of blood obtained from patients 
that were three to four weeks convalescent. In a recent case, a very 
striking improvement was seen from 300 cc. of fresh blood obtained 
from a three months convalescent donor. If it should prove that con- 
valescent blood had therapeutic value even as late as 6 months after 
the disease, then the opportunity for employing the treatment will 
become much greater. Convalescent blood can be used not only in 
diseases that result in a more or less permanent immunity, like scarlet 
fever, typhoid and measles, but also in diseases that are followed by 
only a short protection, like erysipelas and pneumonia. The blood in 
these cases should be obtained from donors not more than two to three 
weeks convalescent. A striking recovery followed in a six year old 
child, suffering from a severe attack of erysipelas, that he injected with 
210 cc. of fresh convalescent blood (7 days). 

He has used intramuscular injections of normal blood in late septic 
cases of scarlet fever. In these the toxemia of scarlet fever was no 
more in evidence. Injections of normal blood, which can be readily 
obtained from relatives, are given in quantities of 120 to 240 cc., and 
repeated every 4 days. Such blood is not given for any specific action, 
but for its general stimulating and nutritive value, which helps in 
tiding the patient over a critical period. 

Wm. Egbert Robertson said that he had treated a number of patients 
in the wards of the Episcopal Hospital of Philadelphia, by using subcu- 
taneously, serum obtained from convalescent typhoid and pneumonia 
patients, which was then administered to individuals at that time ill 
with the respective diseases. 50 cc. of the serum was given per dose 
and repeated several times, but the results did not warrant a continu- 
ance of the work. Much better results followed in cases of erysipelas 
where, after raising blisters, he had injected the serum thus obtained, 
directly into the vein of the same individual or of other individuals ill 
with erysipelas. Some of these sera were inactivated, while others 
were not, but as far as cases of typhoid and pneumonia were concerned, 
no apparent benefit resulted in either case. Dr. Robertson asked the 
reader of the paper whether his cases were fed by the high calorie 
method, or whether milk alone was permitted, as these latter are virtu- 
ally starvation cases, since the majority refuse to take milk in any 
amount. Dr. Robertson said that it had been his experience with a 
large number of cases carefully studied bacteriologically by Dr. C. Y. 
White, pathologist to the Episcopal Hospital, that the well fed cases 
proved very exceptionally to be ultimate typhoid carriers, while the 
virtually starved cases or those fed on milk, frequently became carriers. 
It is nothing more than an assumption, but it seems logical to believe 
that those well fed developed a greater resistance and a higher anti- 
body formation. 
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A. L. Garbat closing the discussion, said that all the cases at the 
German Hospital were placed upon the high calorie method of feeding 
and the physicians had practically abandoned the starvation treat- 
ment. Whether typhoid carriers occurred more frequently in those 
with the high calorie value or in those under the so-called starvation 
treatment, he did not know. 


May 12, 1916 


1. STANDARDIZATION OF ANTIMENINGITIS SERUM BY ANIMAL 
PROTECTION TESTS 


George H. Robinson: (See this volume, page 345). 


DISCUSSION OF THE PRECEDING PAPER 


Harold L. Amoss believed that a discussion on Dr. Robinson’s paper 
is difficult because of the new method used. One of the most impor- 
tant features of any discussion is the influence towards the standardi- 
zation of the methods employed. Dr. Robinson used for his experi- 
ments a very irregular strain (Isadore) instead of the accepted typical 
and parameningococcus. Dr. Amoss was glad that the subject of 
meningitis had been reopened because it is evident that there is much 
to be learned yet about the preparation and standardization of anti- 
meningitis serum. He reviewed briefly the causes which led to further 
study of the serum at The Rockefeller Institute. 

He called attention to the fact that the ultimate method of testing 
the value of a serum is by therapeutic application. This has been 
kept in mind at The Rockefeller Institute where with Dr. Martha 
Wollstein he has been engaged in the preparation of a polyvalent serum. 
In other words, particular care has been exercised to corroborate their 
laboratory tests with the therapeutic tests. 

He explained that the animal protection tests have been found to be 
the least specific of all methods of standardization. He was very much 
interested in Dr. Robinson’s clear cut results in protection tests 
obtained by diluting the suspension of living meningococci with 
complement. 

Recently he had made some protection tests using young guinea 
pigs and found that a monovalent antiparameningococcus serum will 
protect young guinea-pigs against one infective dose of homologous 
parameningococcus, and against an irregular strain though more serum 
is required for the latter. The same amount of serum did not protect 
the animal against a lethal dose of a typical or normal meningococcus. 
He referred to this experiment to show that in his experience the pro- 
tection tests roughly parallel the agglutination tests. The complement 
fixation reaction and opsonization are not as specific as the agglutina- 
tion reaction. He referred to human cases of meningitis, in which 
though they were treated with antimeningitis serum, the meningococci 
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persisted in the spinal fluid. The strains of meningococcus isolated 
from these cases were not agglutinated in the serum used. When a 
more polyvalent serum, and one that agglutinates the particular strain 
was used in treatment, the organisms disappeared, the fever abated, 
and recovery was uneventful. 

On account of the fact that the agglutination tests parallel other 
tests and are more specific than the latter, agglutination should be used 
in the standardization of antimeningococcic serum. 

He believed that the power to agglutinate in high dilution all known 
varieties of the meningococcus gives us the best idea as to the value of 
antimeningitis serum. 

James W. Jobling: The existence of parameningococcus strains was 
not recognized when we began the preparation of the antimeningo- 
coccus serum. We realized, however, the necessity of using many 
strains of organisms. Our results with the complement fixation method 
were unsatisfactory, therefore it was discarded. According to the work 
done by Amoss it is possible that some of these results were due to the 
fact that we were using strains of the parameningococcus. We were 
not convinced that the death of guinea pigs receiving intraperitoneal 
injections was due to infection. The clinical picture and the post- 
mortem findings suggested rather an intoxication. Adopting this idea 
we attempted to isolate the toxin and use it to standardize the serum, 
but the results were so unreliable that this method also was discarded. 

Harold L. Amoss again referred to the meningitis problem that con- 
fronted them. An important point was the great value of time in the 
administration of antimeningitis serum. It has been observed that 
many hospitals are casual in their specific treatment of acute infections. 
He believed that the serologists could assist a great deal in this matter 
bly putting forth every effort to make an early diagnosis, by procuring 
serum immediately, and by delicately impressing clinicians with the 
extreme value of early administration. 


2. THe CLINICAL SIGNIFICANCE OF THE WASSERMANN TEST 


Arthur F. Coca: The Wassermann reaction is a biochemical test: 
that is, it is performed with reagents whose chemical constitution is 
practically unknown, some of them being relatively very unstable 
bodies. The Wassermann ‘mixture’ is subject to considerable varia- 
tions dependent upon the particular method or modification of the 
original technic used and also upon the manner of standardizing the 
different reagents, as well as upon the quality of the antigen prepara- 
tion available. 

On account of the above mentioned technical variations as well as 
on account of factors heretofore uncontrolled a considerable want of 
uniformity in the results of the Wassermann test exists. There has 
yet to be recorded a series of parallel tests carried out by different 
observers on the same sera in which the results agreed throughout. 

As has been pointed out by Uhle and MacKinney, the disagreements 
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are more common in just the cases in which the need of reliable infor- 
mation is greatest. The results of the Wassermann test are further 
vitiated by the fact that it is being performed by an ever widening circle 
of superficially informed and uncontrolled “technicians.” 

It has been clearly demonstrated that the positive Wassermann reac- 
tion is not specific for syphilis. It occurs not only with some regu- 
larity in other conditions, but also sporadically in many others. 

Analysis of its relations to the therapeusis of syphilis shows that in 
the great majority of instances the result of the test does not influence 
the course of specific treatment. 

The use of the Wassermann test as a legal criterion of eligibility for 
marriage must be unconditionally opposed. 


3. AN ANALYSIS OF A SERIES OF Cases CHANGING TO WASSERMANN 
PosiTIvE AFTER A WASSERMANN NEGATIVE PERIOD 
OF TWELVE MontTHs orn OVER 


Lowis A. Levison: The writer has collected 16 cases fulfilling the 
conditions mentioned in the title. An analysis of the results of the 
Wassermann tests in these cases shows that a negative Wassermann, 
even though obtained over a considerable period of time, cannot be 
considered as a criterion of cure. It is, however, the best index at the 
present time of the patient’s condition, when considered in conjunc- 
tion with the absence of clinical manifestations. Carefully considered 
cases over a much longer period of time will be necessary to determine 
the final position of the Wassermann as a prognostic agent. Treatment 
of whatever nature may help to keep the patient Wassermann nega- 
tive, only to relapse when this is discontinued. In this series all the 
cases were late or advanced when they received competent treatment. 
They received mercury either in small and inefficient amounts, some not 
at all, at the time when treatment could have been of value. Many 
cases coming under my observation that have been treated intensively 
from the very start with salvarsan and mercurial injections have gone 
over one year with negative Wassermanns and this group, while not 
considered here, stand in sharp contrast to this series of late cases. 
It may be said then that a long continued negative Wassermann period 
in a case that has been treated well from the beginning is a much better 
criterion of cure or permanent arrest than a similar Wassermann nega- 
tive period occurring in a late or advanced case. 


DISCUSSION OF THE PRECEDING TWO PAPERS 


Judson Daland stated that he was especially interested in Dr. Coca’s 
paper which gave him the impression that Dr. Coca was somewhat 
pessimistic regarding the diagnostic value of the Wassermann reaction. 
Clinicians, however, are fully convinced of the importance and great 
value of this test, and are most optimistic. 

Speaking broadly, he inclined to the opinion that the Wassermann 
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reaction may be looked upon as having a diagnostic 70 per cent or 80 
per cent value, under ordinary conditions; and under special conditions 
the value of this test is greater. The object to be accomplished by a 
study of errors of the test is to increase its value; and these errors may 
be divided into two classes—(1) laboratory and (2) clinical errors. The 
laboratory errors may be due to the many causes with which the 
members of this Society are familiar and occasionally may be due to 
the methods employed or gross carelessness. On the other hand, clini- 
cal errors may be due to erroneous belief that syphilis is present or 
absent, and in such cases when the Wassermann reaction is positive, 
the error is ascribed to the test. Syphilis may exist and the Wasser- 
mann reaction be negative, and one may conclude that the Wasser- 
mann reaction was incorrectly performed and should have yielded a 
positive result. A common clinical error is the failure to recognize the 
fact that under certain conditions associated with marked disturbances 
of metabolism, such as uraemia, intestinal toxaemia, fever, etc., occa- 
sionally a sero-diagnostic test for syphilis may be strongly positive and 
syphilis be absent. Obviously such a diagnosis of syphilis solely from 
the laboratory test, would be a clinical and not a laboratory error. 

It is of the utmost importance that this Society should at once take 
steps to standardize the sero-diagnostic test for syphilis so that the 
results obtained by the large number of workers may be truly com- 
parable. It is for this reason that I have advocated following the 
original technique as described by Wassermann, although during the 
past four years I have modified it by the use of cholesterinized extract 
of the bovine heart. 

From the clinical standpoint, it is of the utmost importance, that all 
factors concerned in the interpretation of the results of the Wassermann 
reaction should be given due weight before deducing that a positive or 
negative Wassermann reaction proves the presence or absence of 
syphilis. 

Oscar Berghausen said that first of all we should be clinicians and 
be able to interpret the laboratory findings in terms of the clinical 
picture that was presented. To his mind a great deal depended upon 
the antigen. A suitable antigen is one that gives positive reactions 
in luetic cases and negative reactions in non-luetic cases. The results 
should be reported as either distinctly positive or negative; doubtful 
reactions having but little real diagnostic value. He believed that a 
series of antigens, including cholesterinized antigens, should be used 
in carrying out the reaction. With cholesterinized antigens occasion- 
ally false positive reactions are obtained. He had observed such reac- 
tions with the blood obtained from patients suffering from advanced 
malignancy and uremia. Some substance had developed which ap- 
peared in the blood current and was able to bind complement in the 
presence of syphilitic antigens. He claimed that we should be careful 
in the taking and the preservation of the blood to be examined. Stor- 
ing of the sera at room temperature, or the delay occasioned by sending 
the specimen through the mail, might be the cause of false reactions. 
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4, A SrasLte BactTERIAL ANTIGEN WITH SPECIAL REFERENCE TO THE 
, MENINGOCOCCI 


George Hansen: (See this volume, p. 355). 


5. Serum Reactions Fotuow1inGc TREATMENT WITH SENSITIZED AND 
NoN-SENSITIZED BACTERIA 


G. H. Smith: Work directed toward the determination of the mode 
of reaction induced by immunization with sensitized and non-sensi- 
tized typhoid antigens gave the following results. 

1. The agglutinating titer of the sera obtained indicated that the 
non-sensitized antigen was more efficient. The difference, however, 
was slight. Agglutinins appeared earlier in the course of the treat- 
ment if a non-sensitized antigen was used. 

2. Sera produced by treatment with non-sensitized antigen were 
more active in complement fixation tests. 

3. In the case of the opsonic and bacteriotropic indices the differ- 
ences in values obtained were not of great significance, either in degree 
or in the rate of production. 

4. The degree of leucocytosis produced with the two types of antigen 
indicated an essential difference. The animals receiving sensitized 
antigen responded with a greater production of leucocytes, the response 
after each injection was increasingly greater, and the increase occurred 
after a shorter interval of time than in the animals receiving non- 
sensitized antigen. 


6. PROPHYLACTIC AND THERAPEUTIC INOCULATIONS IN CERTAIN 
AFFECTIONS OF THE RESPIRATORY TRACT 


George W. Ross, H. K. Detweiler and J. C. Maynard: Reference to 
the ‘common cold” was particularly made, first concerning its preva- 
lence and the great discomfort, disability and economic loss which it 
causes. Its etiology was then discussed. Foster’s filterable virus and 
the B. rhinitis (Tunnicliffe) and B. influenzae (Pfeiffer) were referred 
to as micro-organisms which in different epidemics seemed capable of 
initiating the coryza or other early symptoms. It was thought that 
the secondary invaders (various streptococc:, M. catarrhalis, pneumo- 
coccus, ete.) probably played an important part and the question was 
raised as to the likelihood of symbiosis occurring among those organ- 
isms, or increasing their parasitism. 

In connection with the recent epidemic in Toronto, it was shown that 
streptococcus pyogenes largely prevailed in cultures from the nose and 
naso-pharynx and sputum. The investigations concerned 38 soldiers of 
our battalion quartered there. Inasmuch as this battalion’s military 
duties were greatly interfered with as the result of this epidemic, efforts 
were made to control it, by the use of a vaccine prepared from many 
strains of the different organisms isolated. 
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Sixty-two soldiers received from one to six inoculations, twice each 
week. We were strongly impressed with the results obtained. It is 
suggested that this method might at least be applied to the control 
of such epidemics in institutions where a large number of people are 
closely in contact. 


7. THE DIAGNOSIS AND TREATMENT OF SEPTICEMIA 


Oscar Berghausen: The term ‘‘septicemia”’ is preferable to ‘‘bacter- 
emia.’ Pyemia is simply a complication of septicemia. We have 
made blood cultures in 50 cases having symptoms resem} ling clini- 
cally septicemia. Of these, 57 per cent were positive, streptococcus 
being the prevailing organism, although staphylococcus was occasionally 
found, or a bacillus of the colon type in terminal infections. Of 23 
patients with a positive blood culture, 74 per cent died and 26 per cent 
recovered. Of 17 patients with a negative blood culture, 35 per cent 
died and 65 per cent recovered. This shows the value of the blood 
culture in suspected cases of septicemia, not only in the diagnosis but 
also in a prognostic sense. The total white count varied from 7100 
to 25,000 in the patients who recovered; from 7000 to 30,000 in those 
who died. Ordinarily in this series a low white count indicated a bad 
prognosis. However, this was not invariably the rule. The differ- 
ential white count is of the greatest importance. When the poly- 
morphonuclear count approaches 90 per cent, particularly when the 
white count is low, the prognosis becomes grave. In most of these 
cases the antistreptococcic sera obtainable on the market were em- 
ployed, before the writer saw the patients; in none was a cure reported. 
In 13 of the cases autogenous vaccines were employed in addition to 
the regular symptomatic treatment, and of this number, seven recov- 
ered. In true septicemia, the prognosis depends upon the state of 
health of the individual, the type of organism causing the infection, 
and the complications that may develop. The longer the course of 
the disease, the more favorable is the prognosis. These patients should 
be treated as consumptives; at least they should be given plenty of 
fresh air and should be fed as liberally as possible without deranging 
the digestion. The hot pack is indicated in septicemia marked by high 
temperature and erythema, and in the absence of more serious compli- 
cations, with stimulation before and after the pack. Digitalis may be 
employed to enforce the heart’s action in the beginning, though we 
cannot thereby prevent the onset of endocarditis. Of the antipyretics, 
quinine is the most important and should be used in small doses and 
often. Apparently good results have been obtained by hypodermo- 
clysis. We believe the continued use of autogenous vaccines is justified. 
Spinal puncture is indicated when symptoms of meningismus develop. 
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8. CLINICAL AND PATHOLOGICAL OBSERVATIONS ON THE DANGERS EN- 
COUNTERED IN CERTAIN TECHNICAL PROCEDURES FREQUENTLY UsEp 
BY SEROLOGISTS AND CLINICIANS 


H. S. Martland: This paper gave a résumé of the contraindications, 
dangers and accidents met with in lumbar puncture, intraspinous and 
intracranial injections, intravenous medications, blood transfusions, 
etc. The observations of the author were based on clinical and patho- 
logical data, from over 1500 autopsies at the Newark City Hospital. 
The paper included the presentation of pathological specimens. 


9. TREATMENT OF TUBERCULOSIS PULMONALIS BY TUBERCULIN 


A. N. Sinclair: Most notable proof of the value of tuberculin is seen 
in the difference in the results obtained at Leahi Home before and 
since the adoption of tuberculin treatment. No attempt has been made 
to classify the cases because as soon as classification is attempted, con- 
siderable opportunity for error is offered. Out of 309 cases before the 
period tuberculin was used, 27.2 per cent of all cases treated were either 
arrested or were able to return to their former occupations, while out 
of 506 cases treated after tuberculin was adopted, 50.1 per cent were 
enabled to resume their former occupations. Another proof of the 
value of tuberculin is the almost immediate and continuous improve- 
ment that has occurred in many cases that did not receive treatment 
at Leahi Home but who were given tuberculin treatment. Patients 
having suspicious signs of tuberculosis but in whom the diagnosis lacks 
confirmation, offer golden opportunities for the administration of tuber- 
culin; there is no valid argument against its use in the nontuberculous. 
In such cases not only does tuberculin afford a means of diagnosis from 
observation of the reaction to its injection, but as I have invariably 
noted, the patients at once begin to put on weight, gaining from three 
to six pounds in the first month of treatment; these cases in which 
tuberculin treatment is begun so early that diagnosis is questionable, 
seldom, if ever, fail to be restored to health. Failure in the use of 
tuberculin may rest on three factors; on the tuberculin itself; on the 
dosage, and on the selection of unfavorable cases. The dosage should 
be regulated, not by the “rule on the bottle method” but by the 
immunizing method. The production of antibodies to the tubercle 
bacilli is accomplished more safely and just as certainly by continued 
small doses as by large ones. I never go above 1/300 and rarely above 
1/500 mgm. As long as a patient is steadily improving, there is no 
need to increase the dose. The great danger in using tuberculin is that 
of producing too great focal reaction. We have had no means of gaug- 
ing this—it is suggested that the albumin content of the sputum be 
adopted for this purpose—the amount of albumin indicating the amount 
of destruction of lung tissue. 

Increasing albumin content means the dose is too large, or it should 
be discontinued— a decreasing content and no improvement means the 
dose is too small. 
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Of course this index of dosage must be considered in conjunction with 
other indications. 


10. THe VALUE oF TUBERCULIN IN TREATMENT OF TUBERCULOSIS 
LYMPHNODITIS 


George P. Sanborn: An attempt was made at evaluation of tuberculin 
in a series of 58 cases of tuberculous lymphnoditis. Gradually increas- 
ing doses of bacillus emulsion were given. Constitutional reaction was 
avoided so far as possible. The patient’s condition of living was prac- 
tically the same during tuberculin treatment as during the period when 
the lymph nodes were developing. Certain cases obviously requiring 
improvement in hygienic conditions, such as absolute rest, improvement 
in diet, and so on, are excluded from this report. In 20 cases the 
patients have been seen at periods of from two or three months to 
several years after the cessation of tuberculin treatment; in the rest, 
results were noted soon after tuberculin treatment was stopped. By 
excluding, then, other therapeutic means, it is believed that the results 
furnish a more accurate index of the efficiency of tuberculin than other- 
wise would have been possible. 


11. MaLiGNant CoursE IN DIPHTHERIA; EXTENSIVE RECURRENCE OF 
MEMBRANE DespiITE LIBERAL Doses oF ANTITOXIN, ESPECIALLY 
IN Late TREATED CASES 


G. Huestis Fonde: Probably most physicians of wide experience have 
observed cases of diphtheria in which seemingly adequate doses of 
antitoxin resulted in prompt exfoliation of membrane, subsidence of 
pulse rate and temperature approaching normal, followed by a quick 
regrowth of membrane more rapid and extensive than before, accom- 
panied by sudden return of toxemia, shock, etc. The same symptom 
complex may be repeated again and again. Such a course generally 
applies to late treated cases, or cases receiving too timid use of anti- 
toxin at the initial dose; but in several instances the writer has wit- 
nessed such a course in cases treated early even when the initial dose 
was large as compared with the usual recommendations of standard 
authorities. There is need of establishing a reasonably defined margin 
beyond which parenteral introduction of a foreign serum may not be 
given, and also need of a margin beyond which trikresol or other pre- 
servatives in sera may not be given. I would suggest the intraperi- 
toneal injection of antitoxin after the method employed in laboratory 
animals. Any amount of serum may be given in this way and the 
result should be rapid and steady absorption. The case I am reporting 
was a late treated case in desperate clinical need. After administering 
150,000 units of antitoxin intramuscularly and subcellularly, on the 
seventh day of the disease as a last heroic measure 410,000 units were 
ee intraperitoneally within six hours time through a rubber 
catheter. 
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There followed a free and thorough exfoliation of the membrane, 
which when it loosened up was found to involve the larynx, trachea, 
and bronchial tubes deep into the lungs, and also the post nares and 
pharynx. The patient died in a syncopic attack following the exhaus- 
tion incident to a choking paroxysm due to the large mass of tough 
membrane in the larynx. The writer believed that the results obtained 
so late in this case justified the conclusion that the patient would have 
been given an excellent chance of recovery if the massive dosing intra- 
abdominally had been employed when he first reached the case on the 
fourth day, and that major dosing in this manner had an important 
field of application in cases not to be met by one full dose intraven- 
ously. He also believed the percentage of fatal cases of diphtheria 
might by this means be safely reduced. 


PRESIDENT’S ADDRESS 
THE RELATION OF LIPOIDS TO IMMUNE REACTIONS 


JAS. W. JOBLING 


From the Department of Pathology, Medical Department, Vanderbilt University, 
Nashville, Tennessee 


The relation lipoids bear to immune reactions has been studied ex- 
tensively during the past few years, but in this review it will be impos- 
sible to give more than a brief summary of the work which has been 
done. 

The relation of lipoids to biological phenomena did not receive much 
consideration until Meyer and Overton suggested their possible im- 
portance in narcosis. According to these authors the cell wall is com- 
posed chiefly of lipoids, a view that has been held for plant cells for a 
number of years. If this view is accepted we must concede the pos- 
sible importance of lipoids in protecting bacteria and the cells of the 
body against antagonistic substances. 


RESISTANCE OF BACTERIA TO INJURIOUS AGENTS 


Petersen and I (1) have shown that bacteria are protected from the 
action of ferments by the unsaturated fatty acid compounds present 
in the cell, and that oxidizing agents such as iodin, hydrogen peroxide, 
etc., will destroy this protective action. 

It has been known for some time that many oxidizing agents have 
a bactericidal action. Arkin (2) states that sodium iodoxybenzoate, 
an organic peroxide, stimulates the production of hemolysins and agglu- 
tinins in rabbits if injected intravenously after immunization. He also 
observed that the same substance stimulates phagocytosis. 

Treatment of bacteria with thermostabile immune bodies also ren- 
ders them more susceptible to the action of ferments, and experiments 
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which we are now conducting suggest that these substances act in a 
manner somewhat similar to that of oxidizing agents. 

It must be borne in mind that bacteriolysis is almost never obtained 
with undiluted immune serum, while bacteriolysis in vivo, except in 
the peritoneal cavity, has not been demonstrated. These facts may be 
explained by our observation that immune sera in the proper dilutions 
—dilutions with which bacteriolysis is obtained—render the specific 
bacteria much more susceptible to the action of ferments, whereas 
bacteria treated with the undiluted serum—dilutions not giving bac- 
teriolysis—are rendered much more resistant. In the latter case it 
was found that the bacteria had absorbed the antiferments of the serum. 
This, we believe, explains the Neisser-Wechsberg phenomenon. 

Hailer and Rimpau (3) found that lipoid soluble substances are bac- 
tericidal, and that a definite relation exists between this action and the 
lipoid solubility, narcotizing action and the bactericidal action of the 
substances tested. 


INFLUENCE OF ENVIRONMENT 


Bacteria may be so situated as to become inaccessible to the agents 
that normally bring about their destruction. This is particularly true 
in tuberculosis and syphilis where the necrotic and avascular tissues 
surrounding a focus may be such as to prevent the entrance of immune 
substances, or other bactericidal agents. In such instances it is neces- 
sary to break down the barriers protecting the organisms before de- 
termining the value of immune sera or chemotherapeutic substances. 

Our demonstration (4) that the failure of autolysis is due to the pro- 
tective lipoids makes this phase of the subject more accessible to at- 
tack. In addition, we have shown that oxidizing agents such as iodin 
inhibit the action of the antiferments, accelerate autolysis, and as a 
result, expose the infecting organisms to attack from without. 


ANTIGENS 


Froin (5) found that lipoid free corpuscles injected into animals pro- 
duce agglutinins, but no hemolysins, whereas the lipoids produce lysins. 
Bang and Forssman (6), in similar experiments, obtained complement 
fixation with the immune sera, using the lipoids of the homologous cells 
as antigens. Dautwitz and Landsteiner (7) obtained similar results, 
but Kurt Meyer (8) was unable to confirm these observations. Meyer 
concludes that the antigens used by these authors were impure because 
they contained proteins. This author found, however, that the sera 
of rabbits inoculated with watery extracts of tape-worms possess 
specific precipitins and specific complement-binding substances for the 
lipoids of the tape-worm. 

Thiele and Embleton (9) were unable to show that lipoids, except 
those obtained from tape-worms and from tubercle bacilli, would act 
as antigens. These authors found that lipoids obtained from sheep’s 
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corpuscles and from various tissues of the cat did not act as antigens, 
whereas the lipoid free cells still possess the property of causing 
the production of the various immune bodies when injected into 
rabbits. However, they found that extracts obtained by treating fresh 
tissue with 85 per cent alcohol were active. In preparing the lipoids 
used in their work the tissues were first dried and then extracted with 
absolute alcohol. Thiele and Embleton believe that the results ob- 
tained with lipoids extracted from fresh tissues were probably due to 
the fact that proteins were also present, and that this explanation prob- 
ably holds true for the contradictory results obtained by others with 
lipoid antigens. They also found that unextracted tubercle bacilli pro- 
duce powerful precipitins against the tubercle phosphatids, while ani- 
mals immunized against tubercle phosphatids develop precipitins 
against these substances. 

Nicolle (10) and Pick (11) believe that the precipitable substances in 
antigens are soluble in alcohol. 

Much (12) was able to obtain positive complement fixation tests 
with the sera of patients suffering with infections due to acid fast micro- 
organisms, using nastin as antigen, while Gottlieb and Leffmann (13) 
were able to prepare specific antibodies (hemolysins) by treating ani- 
mals with ethereal extracts of red blood corpuscles. 

The differences in results obtained by the various investigators sug- 
gest that lipoids in certain combinations may act as antigens, while 
the pure lipoids have not this property. This may explain why the 
protein free lipoids of tape-worms and tubercle bacilli act in this 
manner. 


PHAGOCYTOSIS 


Stuber (14), Dewey and Nuzum (15) and others have shown that 
certain lipoids, chiefly cholesterol, inhibit phagocytosis. Stuber ob- 
tained similar results with the cholesterol esters of oleic and palmitic 
acids. According to Dewey and Nuzum the leucocytes of the blood 
of animals inoculated with cholesterol are less phagocytic for bacteria 
than the corpuscles of the same animal previous to inoculation. 

Graham (16) observed that the opsonins were markedly decreased 
in the serum of patients following ether anesthesia. A similar decrease 
in opsonins was noted when serum was treated with ether, but this 
inhibiting action was lost when the ether was removed by passing a 
current of air through the serum. This suggests that the inhibition 
of phagocytosis is not due to injury of the cells. In subsequent experi- 
ments he found that rectal injections of olive oil prevented this decrease 
to a large degree. Lecithin injected subcutaneously had a similar 
action. 

Miller (18) states that the lipoids obtained from typhoid bacilli 
mixed with immune sera does not increase or decrease phagocytosis of 
the untreated bacilli. He concludes that bacterial lipoids are unim- 
portant in the process of phagocytosis. 
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AGGLUTININS 


According to Stuber (19) the serum of rabbits that receive subcutan- 
eous injections of fat free typhoid bacilli has a low agglutinating value, 
while the agglutinating value of the sera of animals injected with mix- 
tures of the lipoids and lipoid free bacilli, is high. He believes that the 
agglutinins are produced as a result of the stimulus afforded by the 
fats liberated after destruction of the bacteria. 

Stuber also found that immune serum extracted with ether loses 
most of its agglutinating power, and that normal serum to which the 
ether extract is added acquires an agglutinating value almost equal to 
that of the immune serum from which the extracts were obtained. 
The serum of normal animals that receive intravenous injections of ex- 
tracts of the immune serum also contain strong agglutinins. Graham 
(20) states that ether anesthesia does not effect the agglutination titer 
of sera. 


HEMOLYSINS 


Neuberg and Rosenberg (21) believe that hemolysins are lipolytic, 
while Noguchi (22) has suggested that some of the serum and cellular 
complements may be salts of the higher fatty acids with weak organic 
bases. Hektoen and Ruediger (23) observed that calcium, barium 
and strontium ions inactivate complement, and, as Wells (24) has 
pointed out, these substances precipitate fatty acids. 

Friedemann and Herzfeld (25) believe that complement is in no way 
associated with lipoids. They extracted sera dried on filter paper for 
one hour with certain solvents, and found that the complement was 
still active when the sera were dissolved in water. Surdnyi (26), how- 
ever, demonstrated that fully 25 per cent of the lipoids of the serum 
were not extracted by this method, and believes that the conclusions 
arrived at by Friedemann and Herzfeld were unjustified. Kurt Meyer 
(27) states that the hemolytic immune bodies are not lipoids as they 
cannot be extracted with lipoid solvents; the sera are just as active 
after extraction. 

Neuberg and Reicher (28) and others have demonstrated a marked 
parallelism between agglutinative, hemolytic and lipolytic substances. 

Bull and I (29) demonstrated what we believed to be immune lipases 
in hemolytic sera, but we were unable to show that they were essential 
for hemolysis. 

Thiele and Embleton (30) failed to demonstrate the presence of spe- 
cific lipolytic ferments in hemolytic sera, and state that the sera of 
guinea pigs inoculated with the phosphatids of sheeps red cells did not 
contain hemolysins. 


ANAPHYLAXIS 


Bogomolez (31) states that animals sensitized with lipoid free egg- 
yolk will not give an anaphylactic reaction when reinoculated with 
lipoid free egg-yolk, or with the extracted lipoids. Thiele and Emble- 
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ton (32) however, found that lipoid free egg-yolk is able to sensitize 
and cause anaphylactic shock. According to their results, the lipoids 
are not able to sensitize, but they do cause shock. Wilson (83), also, 
was unable to sensitize animals with lipoids. Thiele and Embleton 
apparently failed to take into consideration the fact that lipoids when 
given intravenously may cause symptoms in unsensitized animals simi- 
lar to those seen in anaphylactic shock. 

Saula (34) states that there is a marked increase in soaps, fatty acids 
and lipoids, subsequent to sensitization. The increase begins on the 
fifteenth day after sensitization, and increases to the twentieth day. 
There is then a gradual decline, the serum containing the normal amount 
of these substances on the forty-fifth day. He suggests that anaphy- 
laxis may be due to increased saponification. 

In this respect it is interesting to note that Petersen and I (35) 
found that soaps injected intravenously into guinea pigs in proper 
doses produce the symptoms and postmortem findings of anaphylaxis. 

Thiele and Embleton (82) found that animals inoculated with pro- 
tein-free phosphatids of tubercle bacilli react with their specific anti- 
gens, but only slightly with emulsions of the whole tubercle bacilli. 
Intravascular clotting was frequently noted in the animals that died. 
These authors were also able to produce passive sensitization with the 
sera of the sensitized animals. 

It has been known for some time that the serum antitrypsin is in- 
creased following the recovery from anaphylactic shock. With this in 
mind Petersen and I (35) investigated, first, the action of lipoids when 
given with the intoxicating dose of antigen, and secondly, the influence 
of increasing the antitryptic power of the serum. Briefly, we found 
that increasing the antitryptic power of the serum and the addition of 
soaps to the intoxicating dose, enabled the animal to resist several 
times the amount of the specific protein fatal for the controls, while a 
smaller dose of the antigen was required when lipoid free proteins were 
used. 


SEROTOXINS AND ANAPHYLATOXINS 


The toxic substances >»btained by treating sera with bacteria are 
more generally known under the name of anaphylatoxins. At first it 
was thought that these toxins were derived from bacteria, but Friede- 
mann (36), Keysser and Wassermann (37), Strdbel (88), Bordet (89), 
and other investigators, obtained toxins, that acted in a similar manner 
by treating sera with kaolin, agar, starch, ete. 

Petersen and I (40) have shown that the removal of the lipoidal anti- 
ferments from serum permits the formation of toxic substances, which 
we have termed “serotoxins.’”? These toxic substances are formed 
through the action of the serum proteases on the serum proteins as 
soon as the protective lipoidal substances are removed. In our experi- 
ments we found that while there was no loss of nitrogen from bacteria 
treated in this manner, there was absorption of serum-antiferment 
from the serum, and accompaning this loss of antiferment power, a pro- 
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portionate increase in toxicity. Other experiments showed that the 
lipoidal substances had been adsorbed by the bacteria, which now be- 
came much more resistant to such ferments as trypsin. 

It may be that similar toxic substances are formed in vivo in some 
of the bacteremias, for instance, in anthrax. Here there is an enor- 
mous number of bacteria in the circulating blood, and we have already 
shown that in vitro toxic substances, independent of those obtained 
from the bacteria, are formed under these conditions. 


ACTION OF BACTERIAL TOXINS 


Landsteiner and Botteri (41) found that 0.001 grams of protogen neu- 
tralized one lethal dose of tetanus toxin, and that palmitic and stearic 
acids also neutralize tetanus toxin. Takaki (42) studied the lipoids 
of human brains and found that the active constituents were the cere- 
brosides. Cerebrinic acid was particularly active; one gram adsorbed 
sufficient tetanus toxin to kill 1200 mice. These results were con- 
firmed by Loewe (48). According to Laroche and Grigaut (44), how- 
ever, the toxin is bound only by phosphorus containing lipoids as ke- 
palin and lecithin, and not by the phosphorus free lipoids as cerebrin. 

Raubitschek and Russ (45) observed that 1 per cent solutions of 
sodium oleate neutralize diphtheria and tetanus toxins. The soap is 
more active than the pure oleic acid. He believes that it is a physico- 
chemical reaction, and that the greater activity of the soap is due to its 
greater solubility. The soap is inactive in the presence of serum and 
gelatin. 

De Waele (46) found that small amounts of lecithin activate toxins, 
while large amounts inactivate. 


COMPLEMENT DEVIATION 


Bergel (47) believes that a positive Wassermann reaction is due to 
the presence of lipases which are produced as a result of the antigenic 
properties of ‘‘lueslipoid,” and that a positive reaction is obtained only 
when the lymphocytes in the circulating blood are increased in number. 
The fact that the antigens used in the Wassermann reaction are lipoids 
lends some support to this hypothesis. However, it must be remem- 
bered that lipoid solvents such as alcohol, ether, chloroform, ete., given 
to patients presenting positive Wassermann reactions frequently cause 
their sera to react in a negative manner, while it has also been observed 
that sera of normal individuals sometimes give positive Wassermann 
reactions following chloroform narcosis. From this it may be seen 
that alterations in the lipoid content of the serum have an important 
bearing on the reaction, a conclusion borne out by the work of Kolmer 
and Pearce (49). 

These results would not necessarily destroy the hypothesis of Bergel 
that the reaction is due to lipase action, or rather, esterase action, as 
variations in the concentration of the substrate may have an important 
influence on the action of ferments. 
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It is well to remember that soaps—especially those of the unsatu- 
rated fatty acids—are anticomplementary in most minute amounts, 
so that a combination of the alkalies of the blood with the acids liber- 
ated by the esterases, may afford sufficient amounts of these sub- 
stances to bring about a destruction of the complement. An alteration 
in the state of dispersion of the colloids of the serum owing to the 
increased acidity might also explain the reaction. This is suggested 
by the results obtained through changing the isotonicity of the serum 
by dialysis, ete. 

Bergel (48), and more recently, Kolmer (50), found that the serum 
of normal animals inoculated with lecithin solutions binds complement 
in the presence of lipoidal antigens with increased avidity. The sera 
of normal animals may bind complement in the presence of lipoidal 
antigens, but according to Kolmer this property may be partly removed 
by treating the sera with ether or chloroform. Kolmer and Pearce (49) 
also found that the administration of ether and chloroform to animals 
caused the previously positive sera to react in a negative manner, but 
that the reaction was not changed in animals receiving urethan—a non- 
solvent for lipoids. 

Landsteiner and vy. Eisler (51), Bang and Forssmann (52), Noguchi 
(53) and Kolmer (50), believe that the anticomplementary substances 
found in normal sera are chiefly lipoidal in nature. Zinsser and Johnson 
(54) however, were unable to extract the thermolabil anticomplemen- 
tary substances, with lipoid solvents. 

Citron and Reicher (55), Peritz (56) and others maintain that the 
lipase content of the serum is considerably increased in luetics. The 
same is said to be true of patients afflicted with leprosy, tuberculosis 
and other diseases, the causative organisms of which have large amounts 
of lipoids. Eckstein (57) claims that syphilitic sera giving marked 
Wassermann reactions have a lipolytic action on fats after inactivation, 
whereas the fresh sera have no such action. 

According to Thiele (58) the antigenic property of phosphatids is 
not due to the nature or variety of phosphatids used, but depends 
upon a substance that is present as a result of autolytic degradation 
of the tissue, and which is brought out with the phosphatids. 


ABDERHALDEN REACTION 


Since the Abderhalden method of dialysis has been available for 
clinical purposes, numerous reports of results, both favorable and un- 
favorable, have been published. It was soon found that positive reac- 
tions could be obtained with other substances beside placental tissue, 
and in other conditions besides pregnancy. Plaut (59) found that with 
guinea pig serum positive reactions were obtained with kaolin, kiesel- 
guhr, barium sulphate, etc. These results have been confirmed by 
several investigators, and show that digested products may be derived 
from the serum and not from the added antigen. 

In discussing the formation of toxic substances by treating sera 
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with bacteria, kaolin, starch, etc., it was stated that the formation of 
these toxins is due to the action of the proteases on the serum pro- 
teins following the removal of the antiferments. The same explanation 
holds good for the Abderhalden reaction (60). In this test the pla- 
cental tissue added to the serum adsorbs the lipoids constituting the 
antiferments and thus permits the non-specific proteases—which are 
increased in pregnancy, to act upon the unprotected serum proteins. 
Similar results may be obtained in any condition accompanied with 
increase of serum proteases as for instance pneumonia certain ca- 
chexias, certain stages of tuberculosis, ete. Other substances such as 
kaolin, starch, etc., may replace the placental tissue, though they are 
not usually so efficient. Similar observations have been made by 
Bronfenbrenner (61), Falls (62), and other observers. 


RELATION OF LIPOID SOLVENTS TO GENERAL INFECTIONS 


According to Rubin (63) the hypodermic injections of alcohol, ether 
and chloroform reduce the leucocyte count and render the animals 
more susceptible to the inoculation of pneumococci and streptococci. 
Laitinier (64), Delearde (65) and Abbott (66) also found that alcohol 
made animals more susceptible to infections, while Zimin (67) observed 
that ether and chloroform narcosis make animals less resistant to proteus 
vulgaris. 

Until recent years the entire focus of attention of immunologists 
centered about proteins and the chemistry of proteins. This is natural, 
considering the remarkable development of protein chemistry that 
occurred during the time when immunology was in its infancy. At 
present, however, we have come to realize that the lipoids of the body 
are of far reaching consequence in almost all vital cellular phenomena, 
and to the realization of this fact the work of Funk has contributed 
materially. When contrasted with the relatively inactive protein mole- 
cule the lipoids and fats stand out particularly by their great reactive- 
ness both physically and chemically. The rapidity with which col- 
loidal changes can occur, the ease with which the water insoluble forms 
may saponify and become water soluble, the intersolution of one form 
in the other, the frequent occurrence of combinations of proteins and 
lipoids, are all factors that tend to explain the constantly manifest 
influence of the lipoids in the various immunological and physiological 
balances. And to these we must add the amazing latitude that is 
found in both the quantitative and the qualitative variations following 
certain physiological and pathological changes. 

These considerations indicate that the fats and lipoids may play an 
important role in at least some of the immunity reactions. 
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The etiology of canine distemper, one of the most widespread 
and fatal of the infectious diseases among dogs, has been, since 
1874, the subject of numerous investigations, and various micro- 
organisms and a filterable virus have been assigned as the cause. 
In 1910 Ferry (1) described a bacillus apparently distinct from 
any previously isolated or described, which he claimed was the 
primary and essential etiological factor in canine distemper. In 
1911 Ferry (2) claimed to have experimentally inoculated puppies 
with pure cultures of this bacillus under rigorous precautions 
against accidental contact infection, and to have successfully 
reproduced the disease with the classical symptoms and lesions of 
distemper, such as nasal discharge, conjunctivitis, bronchitis and 
broncho-pneumonia, cough, emaciation and pustular eruption of 
the skin. Since then Ferry (3, 4) has reported that this bacillus 
may be the cause of a destructive epizodtic among other labo- 
ratory animals such as guinea-pigs, rabbits and monkeys and pro- 
posedthe name of Bacillus bronchisepticus for the microérganism. 
Quite independently of Ferry this same bacillus was isolated by 
McGowan (5) from cases of distemper among dogs, cats, guinea- 
pigs, rabbits, a goat, a monkey, two ferrets and from the nose 
of a laboratory assistant, who was constantly handling animals 
and had suffered for over a year with a severe nasal catarrh. 
Torrey and Rahe (6) after making extensive researches in this 
disease, conclude that B. bronchisepticus (Ferry-McGowan) is 
the essential primary etiological factor in canine distemper. 

The present communication is part of an investigation in 
canine distemper that has been conducted during the past two 

501 


502 J. A. KOLMER, M. J. HARKINS AND J. REICHEL 


years in the animal house of the medical school of the Univer- 
sity of Pennsylvania. A full report of the results of certain 
bacteriological and immunological studies in this disease will 
be given later; the object of this paper is to record the results 
of anaphylactic skin and ophthalmic tests with a polyvalent 
antigen of B. bronchisepticus, for which we propose the name 
bronchisepticin, among dogs sick with distemper. Some of the 
animals are known to have had the disease while under our own 
observation and others were healthy and apparently normal at 
the time of these tests, although nothing was known or could be 
learned of their previous history. A large percentage of dogs 
and particularly of those having distemper or known to have had 
the disease, yielded well defined skin reactions; a much smaller 
number reacted to the conjunctival instillation. 


PREPARATION OF BRONCHISEPTICIN 


The antigen with which this work was conducted was prepared 
as follows: Three strains of B. bronchisepticus received from Dr. 
Torrey in 1912 and 1913 and two strains isolated by one of us 
(Harkins) from dogs with distemper, were grown in Blake bottles 
of neutral glycerine agar for seventy-two hours; at the end of 
this time the growths were removed with sterile physiological 
salt solution, heated at 60°C. for one hour and thoroughly cen- 
trifugalized. After being washed once more with salt solution 
in the same manner the emulsion was shaken mechanically, 
filtered through four thicknesses of sterile cheese cloth, cultured 
for sterility and preserved with 0.5 per cent phenol. ‘The re- 
sulting emulsion was of a yellowish color, perfectly homogeneous 
and it contained about ten billion bacilli per cubic centimeter. 


METHOD OF APPLICATION 


The skin tests were conducted by injecting intracutaneously 
with a sterile syringe and fine needle (No. 26), 0.1 cc. of the 
emulsion into the skin of the inner portion of the thigh or lower 
abdomen. The eye tests were conducted by instilling a drop 
of the same emulsion into the lower conjunctival cul-de-sac of 
one eye. 
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Both the skin and eye tests were recorded forty-eight hours 
after inoculation. 
THE REACTIONS 


Skin tests. In a number of animals no reaction at all was 
apparent or but a very small area of erythema about the needle 
puncture which was disregarded as being purely traumatic. 

Positive reactions were of two kinds: papular and pustular. 
Both were characterized by areas of erythema of varying size 
and marked edema. In the majority of instances the area of 
erythema could be measured and the size of each reaction is 
therefore given in the respective tables. The pustular reactions 
were usually more severe than the papular variety and presented 
at the end of the second day after inoculation a wide area of 
erythema with a central papule bearing a bluish-yellow cap of 
beginning pustulation. Although the temperatures of animals 
were taken daily no distinct evidences of general reactions could 
be detected. 

Eye tests. In the majority of instances there was no apparent 
reaction. Occasionally a dog reacted with a mild conjuncti- 
vitis characterized by erythema and purulent discharge, but 
throughout the work there was a notable absence of conjunc- 
tival reactions among all classes of dogs. 


RESULTS OF THE TESTS 


a. In dogs showing no evidences of distemper at the time of 
these tests. The results of the skin and ophthalmic tests in a 
group of apparently normal dogs is shown in table 1. 

These animals were brought to the animal house with abso- 
lutely no information regarding their previous medical history 
and therefore no statement can be made as to whether or not 
they had had distemper at an earlier period of life. Since dis- 
temper is so common particularly among young dogs, constitut- 
ing a disease about as prevalent among young dogs as measles 
is among children, it is practically certain that some of these 
animals had had the disease. After admission every animal 
was kept under close and daily observation and in the table we 
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TABLE 1 


Results of bronchisepticin tests in dogs showing no evidences of distemper at the 
time of tests 


ANAPHYLACTIC TESTS 


NO. APPROXIMATE AGE CLINICAL HISTORY* 
Skin Eye 
cm. 
875 it yx Normal 3 wks. 3.03.0 
859 1 yr. Normal 3 wks. 0.6X0.8 + 
9083 2 yrs: Normal 2 wks. - o 
692 Ii cyr: Normal 10 wks. _ - 
9084 3 mo. Normal 3 wks. = _ 
9086 3 mo Normal 2 wks. 0.7X0.8 - 
9089 3 mo. Normal 2 wks. = - 
878 10 mo. Normal 2 wks. 2.0X3.0 — 
880 Ly yr. Normal 10 days 0.6X0.8 _ 
883 1 yr: Normal 1 wk. = — 
885 10 mo. Normal 1 wk. — — 
884 10 mo. Normal 1 wk. - — 
886 10 mo. Normal 1 wk. _ _ 
a2, yr: Normal 10 wks. — oa 
892 8 mo. Normal 1 wk. — = 
889 6 mo. Normal 1 wk. = — 
871 8 mo. Normal 3 wks 1.0X0.8 - 
828 Le yr: Normal 1 mo. 1.0X1.0 — 
888 ll «yr. Normal 1 wk. — 
893 10 mo. Normal 1 wk. a 
873 ya: Normal 2 wks. - — 
787 10 mo Normal 6 wks — — 
822 dOS yr: Normal 5 wks. - - 
894 1° yr. Normal 1 da 0.6X1.2 — 
853 Lyn: Normal 4 wks 1.0X1.0 _ 
948 4 mo. Normal 14 mo — =_ 
906 1 yr: Normal 2 mo. 1.0X1.5 ~ 
747 2 yr. Normal 4 mo — _ 
568 yr Normal 7 mo. 0.5X0.5 — 
858 Normal 1 wk. _ _ 
933 es sae Normal 134 mo. 0.60.8 _ 
925 1 yyr: Normal 2 mo. _ — 
923 Li ‘yr: Normal 2 mo 0.5X0.5 — 
941 1 yr Normal 13m _ 
710 2 ya: Normal 43 m - — 
962 13 yr. Normal 14 m — — 
627 Zayas Normal 63 mo 1.4X1.0 _— 


* The periods of time noted in the table are those during which the respective 
dogs were in the animal house under our direct observation. 
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have given the period of observation of each dog in the animal 
house before the tests were applied. 

Of the twenty-seven dogs in this group, fourteen (or 35.9 per 
cent) yielded positive skin reactions and one an ophthalmie 
reaction. 

b. In dogs sick with distemper. The results of the tests in 
nine dogs presenting evidences of distemper are shown in 
table 2. 

TABLE 2 


Results of bronchisepticin tests in dogs suffering with distemper 


CLINICAL HISTORY ANAPHYLACTIC TESTS 


NO. | APPROXIMATE AGE = ; 
Condition at time Skin 


Previous history Bpltcats Eye 
cm. 

681 6 mo. Distemper 10 wks. Distemper |0.8X0.8 — 
882 6 mo. Distemper 10 da. Distemper |0.5X0.5 -- 
861 eyo Distemper 1 mo. Distemper |1.0X2.0 — 
739 6 mo. Distemper 2 mo. Distemper - _ 
891 10 mo. Distemper 1 wk. Distemper — + 
869 10 mo. Distemper 3 wks. Distemper 1.0X2.0 _— 
682 8 mo. Distemper 3 mo. Distemper 1.0X1.5] +4+4+4 
969 6 mo. Distemper 1 mo. Distemper |0.6X0.6 _ 
927 6 mo. Distemper 6 mo. Distemper -- _ 


— = negative reaction; + = mild reaction; ++-+-+ = severe reaction. 


As shown in this table the duration of the infection varied 
from a week to as long as six months and positive skin reactions 
were observed in 66.6 per cent. In one instance (891) a mild 
ophthalmic reaction was observed while the skin reaction was 
of such mild character that we recorded the result as negative. 

c. In dogs known to have had distemper. The results of tests 
in twenty dogs received in the animal house in apparently nor- 
mal and good condition, all of which developed distemper and 
recovered, are shown in table 3. 

All of these animals had had the disease, but usually of a 
mild character, as those severely infected either had succumbed 
or were destroyed. The time elapsing between recovery and 
the application of the tests is shown in the table. 
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TABLE 3 


Results of bronchisepticin tests in dogs known to have had distemper 


an nn nnn sens SUSE Uns SSUES nSSE SENSES 


ANAPHYLACTIC 
CLINICAL HISTORY TESTS 
APPROXIMATE 


AGE 


Previous history Condition 2 pune Skin Eye 


| | 


750 10 mo Distemper 2 mo. ago Normal 1.0X1.4| — 
718 1 “yr. Distemper 9 wks. ago Normal — — 
555 7 mo Distemper 5 mo. ago Normal 1.0X1.0} — 
842 1 yr: Distemper 1 mo. ago Normal 125x125 
846 10 mo. Distemper 1 mo. ago Normal 1.0X1.0} — 
809 | yr: Distemper 6 wks. ago Normal 0.5xX0.5] — 
829 1 yr: Distemper 1 mo. ago. Normal = — 
874 1 yr. Distemper 2 wks. ago Recovered |0.5X0.8} — 
862 10 mo. Distemper 3 wks. ago Recovered |1.0X1.2] — 
801 10 mo. Distemper 6 wks. ago Recovered |1.5X1.2] — 
865 9 mo Distemper 3 wks. ago Recovered _ - 
766 yrs Distemper 2 mo. ago Recovered - _ 
944 ils "ian Distemper 1} mo. ago Recovered - o 
960 4 mo. Distemper 1} mo. ago Recovered _ - 
957 4 mo. Distemper 13 mo. ago Recovered — _ 
685 1 yr. Distemper 5 mo. Recovered = — 
857 Distemper 3 mo. ago Recovered |1.0X1.5| — 
778 i yr: Distemper 4 mo. ago Recovered |1.2X1.0| — 
938 vars Distemper 1} mo. ago Recovered |1.0X1.0] — 
682 1 yr. Distemper 6 mo. ago Recovered |1.5X1.0] — 


Among these animals positive reactions were observed in 
twelve (or 60 per cent); the longest interval following recovery 
was six months (682) and this animal presented a positive reac- 
tion. It is probable that sensitization persists for much longer 
periods of time as in glanders and tuberculosis. 

d. In dogs after active and passive immunization. At the time 
these tests were made we had a special group of dogs under 
observation, all of which had received three injections of a vac- 
cine of B. bronchisepticus at intervals of a week, to test the value 
of this vaccine from the standpoint of active immunization; also 
a group of dogs suffering with distemper and receiving subcu- 
taneous, intramuscular and intravenous injections of anti- 
bronchisepticus (horse) serum. ‘The results of the tests in these 
dogs are shown in table 4. 
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TABLE 4 


Results of bronchisepticin tests in dogs after active and passive immunization 


ANAPHYLACTIC 
TESTS 


NO. | APPROXIMATE AGE | IMMUNIZATION SUBSEQUENT HISTORY 
Skin Eye 
cm. 

665 8 mo. Vaccine Normal for 3 mo. _ + 
675 8 mo. Vaccine Normal for 3 mo. _ = 
610 8 mo. Vaccine Normal for 34 mo. 0.50.5) + 
637 10 mo. Vaccine Normal for 3 mo. =_ _ 
647 10 mo. Vaccine Normal for 3 mo. 0.5xX1.2|++ 
639 8 mo. Vaccine Normal for 3 mo. 1.01.0] — 
657 10 mo. Vaccine Normal for 3 mo. 1.0X1.0} — 
648 10 mo. Vaccine Normal for 3 mo. _ — 
597 10 mo. Vaccine Normal for 33 mo. — — 
664 9 mo. Vaccine Normal for 3 mo. 1.01.2) + 
596 10 mo. Vaccine Normal for 4 mo. ~ =e 
671 8 mo. Vaccine Normal for 3 mo. 0.4x0.6| — 
877 yr: Serum Distemper 3 wks. 1.0X1.0] — 
579 a yLs Serum Normal for 53 mo. 2.0X2.0| — 
738 6 mo. Serum Distemper 2 mo. _ _ 
783 @ mo. Serum Distemper 6 wks. — od 
704 3 yr. Serum Distemper 23 mo. 1.5X0.8| — 
823 9 mo. Serum Distemper 5 wks. 0.6X0.3| — 


Of twelve dogs receiving the vaccine and remaining free of 
distemper for periods of three to four months while exposed to 
the disease, positive skin or eye reactions or both occurred in 
eight (or 66.6 per cent). Unfortunately these tests were not 
applied to these dogs before the administration of the vaccine, 
but we are of the opinion that active immunization results in 
sensitization to bronchisepticus protein in a manner analogous 
to sensitization to typhoid protein among persons receiving the 
typhoid prophylactic. 

Of the six dogs suffering with distemper and receiving anti- 
bronchisepticus serum, positive reactions occurred among four 
(or 66.6 per cent). It is probable that sensitization was due to 
the infection, although passive sensitization by means of the 
anti-serum was possible. 

The skin tests were repeated about ten weeks later in a 
group of dogs that we were able to keep under special observa- 
tion. The results are shown in table 5. 
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TABLE 5 


Results of repeated bronchisepticin tests 


FIRST SKIN TEST APRIL 6, 1916 SECOND SKIN TEST JUNE 15, 1916 


y APPROXI- 
NO. | MATE AGE ; = he = 
History Test History Test 
cm. cm. 
692} 1 yr. | Normal 10 wks. — Distemper 2 wks.|0.5X0.5 
718| 1 yr.| Distemper 9 wks. = Recovered - 
681 | 6 mo.| Distemper 10 wks. 0.80.8 |Recovered _ 
865] 9 mo.| Had distemper; normal 3 wks. = Normal a 
888| 1 yr. | Normal 1 wk. - Distemper 2 mo. {1.21.5 
783 | 7 mo.| Distemper: serum treatment] — Distemper 4 mo. |1.5X1.5 
738 | 6 mo.| Distemper: serum treatment _ Distemper 43 mo.|0.6X0.6 
704| 14 yr. | Distemper: serum treatment/0.8X1.5 Distemper 5 mo. |1.6X1.6 
596 |10 mo.| Normal; vaccine — Normal 6 mo. 1.0X2.0 
664| 9 mo.| Normal; vaccine 1.01.2 [Normal 6 mo. 1.5X2.0 
597 | 10 mo.| Normal; vaccine _ Normal 6 mo. o 
648 | 10 mo.! Normal; vaccine = Normal 6 mo. _ 
657 | 10 mo.} Normal; vaccine 1.01.0 |Normal 6 mo. 105125 
639 | 8 mo.| Normal; vaccine 1.01.0 |Normal 6 mo. 0.8X0.8 
647 | 10 mo.} Normal; vaccine 0.5X1.2 |Normal 6 mo. 0.5X2.0 
637 | 10 mo.| Normal; vaccine — Normal 6 mo. ~ 


Of these dogs two (692 and 888) had been normal at the time of 
the first test and reacted negatively; later both developed dis- 
temper and reacted positively in the second test. Another dog 
(681), which had distemper at the time of the first test, recov- 
ered and reacted negatively in the second test. Two dogs (783 
and 738) suffering with distemper and receiving an anti-serum 
in treatment at the time of the first test and reacting negatively, 
later yielded positive reactions. For the most part the remain- 
ing dogs, all of which had received bronchisepticus vaccine, re- 
acted in the second anaphylactic test in the same manner as in 
the first test. 


SUMMARY AND CONCLUSIONS 


1. A summary of the results of these anaphylactic tests with 
a polyvalent antigen of washed and heat-killed cultures of B. 
bronchisepticus (Ferry-McGowan) is shown in table 6. 

As shown in this summary the highest percentage of positive 
reactions occurred among dogs suffering with distemper at the 


a 


a ee er 
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TABLE 6 
Summary of the results of the anaphylactic tests 


RESULTS 


HISTORY AT THE TIME OF THE SKIN TEST TOT) EEE POSI- 

+ | _— TIVE 

Siihenm awit badistemMperss «4s aes eee eee 9 7 PSN Thott 
Meee GeGistemiper cites. ites ale h congo Sevier os 20 12 8 | 60.0 
Normal dogs’at the time of tests..-.....0.....:....; SY/ 14 23) |\FaOno 
rrp Ze Ce OSes a yeteegss = ke occ e creietarobe exciede oie  e  s 18 12 6 | 66.6 


time these tests were made and among those known to have had 
distemper while under our direct observation. 

2. Whether or not the reactions occurring among those dogs 
that were normal at the time of these tests, but of whose pre- 
vious medical history we were ignorant and totally unable to 
ascertain whether or not they had distemper prior to admission 
to the University animal house, were true anaphylactic reac- 
tions due to sensitization with bronchisepticus protein as a re- 
sult of infection, we are unable to say definitely. Owing, how- 
ever, to the widespread dissemination of canine distemper and 
the large number of young dogs known to contract this disease, 
it is highly probable that some of these animals had been in- 
fected with B. bronchisepticus and that the reactions were an 
expression of cutaneous hypersensitiveness to the protein of this 
microorganism. 

3. While we wish to record in another communication the 
results of our experiments bearing upon the etiological charac- 
ter of B. bronchisepticus in canine distemper either as the direct 
cause of this disease or as a mircoérganism closely associated 
with it in a manner analogous to the relation of streptococci to 
scarlet fever, we may state here that B. bronchisepticus is found 
in a large proportion of dogs suffering with distemper and that 
these anaphylactic tests indicate this relationship by the large 
proportion of infected animals displaying a condition of cutaneous 
hypersensitiveness to its protein. 

4. While the bronchisepticin skin test may prove of practi- 
cal value in the diagnosis of canine distemper and particularly 
as an index of a previous infection in an apparently normal ani- 
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mal, it is probable that it has no value as an index of immunity 
and that an animal presenting a positive reaction is still sus- 
ceptible to relapses or recurrences of the disease (7). 
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The success attained by the use of antityphoid vaccine in 
military circles both in this country and abroad, naturally at- 
tracted the attention of public health officers to the use of this 
agent as a preventive against typhoid fever in civil life. While 
a very good beginning has been made, there are problems not 
encountered in the army that must be overcome before equally 
brilliant results can be hoped for in this field. 

The health departments of Maryland and of Baltimore City 
were among the first to prepare and distribute antityphoid vac- 
cine to the citizens of the state and city without cost. This 
work was begun early in 1910, and up to January 1, 1916, 22,681 
complete doses of vaccine had been prepared and distributed to 
inhabitants of the state and city. 

The greater part of this vaccine was prepared by washing off 
twenty-four hour old agar cultures with sterile salt solution and 
killing the organisms by heating at a temperature of 58°C. for 
one hour, or by the addition to the emulsion of 0.5 per cent 
phenol. The results obtained with this vaccine as a whole have 
been very satisfactory. Our attention, however, was directed to 
sensitized vaccine, which was claimed to produce a higher grade 
of immunity with less severe reaction, and to a vaccine de- 
scribed by Gay and Claypole (1) which, in addition to the above 
desirable features, could be administered on alternate days. 

Since the results of the experimental work carried out by dif- 
ferent authorities with sensitized and non-sensitized vaccines 
show considerable variation, it was deemed advisable before 
taking up a sensitized vaccine for general distribution to carry 
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out some experiments to determine, as far as possible, its effi- 
ciency. Before describing our own results we will briefly review 
the work of other observers with different vaccines. 

Pfeiffer and Bessau (2) found that bacteria when treated 
with their immune serum (sensitized cultures) and inoculated 
into animals produced a serum poor in antibodies. Garbat and 
Meyer (3) inoculated rabbits and guinea-pigs with non-sensi- 
tized vaccine and produced a serum rich in agglutinin, bacterio- 
lysin, precipitin and complement fixation body, but poor in 
bacteriotropin (opsonin). On the other hand the inoculation of 
similar doses of sensitized vaccine produced a serum containing 
scarcely any agglutinin, bacteriolysin, precipitin and comple- 
ment fixation body, but which was strongly bacteriotropic. 
Broughton-Aleock (4) obtained similar results in a study of 
human serums. Negre (5) obtained serum with high aggluti- 
nating but low bactericidal properties by inoculating rabbits 
with ether killed vaccine. Animals inoculated with sensitized 
vaccine produced a serum with low agglutinin but high bac- 
tericidal content. Gay and Claypole (6) have made a com- 
parative study of the protection conferred on rabbits by 
the inoculation of (a) whole non-sensitized vaccine; (b) sedi- 
ment non-sensitized vaccine; (c) whole sensitized vaccine; (d) 
sediment sensitized vaccine; (e) living sensitized vaccine. 
After a period varying from one to three months the ani- 
mals were inoculated intravenously with living typhoid cul- 
tures, and it was found that the greatest protection was pro- 
duced by the sediment sensitized vaccine (d). Cecil (7) found 
that both sensitized living and sensitized killed typhoid bacilli 
were less virulent for rabbits and guinea pigs when injected 
intravenously than were non-sensitized killed organisms. Schott- 
staedt (8) in testing the antibody production of five differently 
prepared typhoid vaccines, two of which were sensitized and 
three non-sensitized, found that the three latter produced serums 
of much higher titer in agglutinin, bacteriolysin and opsonin, 
than did the sensitized vaccines. Serum containing all of these 
antibodies in greatest quantity was produced by a non-sensi- 
tized vaccine the organisms of which were killed by the addition 
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of 0.6 per cent phenol. Nichols (9) found that living sensitized 
vaccine was infectious for rabbits. Also, that the Rawling’s 
strain of B. typhosus used in preparing the army vaccine is 
pathogenic, relatively avirulent and distinctly toxic. He is of 
the opinion that atoxic vaccine is of little value, and shares the 
belief of Pfeiffer and Bessau that the toxic and antigenic frac- 
tions of a vaccine are identical. Sawyer (10) reports the results 
of the prophylactic immunization of 8124 patients against 
typhoid fever in California. Of these 4967 were inoculated with 
sensitized and 2906 with non-sensitized vaccines, the remaining 
251 being unclassified. Of the former, 4627 received the Gay- 
Claypole sediment sensitized vaccine. He concludes from an 
analysis of failure to protect against typhod fever that the Gay- 
Claypole vaccine has slightly higher protective properties than 
does non-sensitized vaccine. He found very little difference in 
the reactions following the inoculation of the two vaccines. 

It will be seen from the above experiments that the results 
obtained by different authors are quite variable, and it is im- 
possible to arrive at any conclusion as to whether any one vac- 
cine has a distinct advantage over the others. Unfortunately 
the mechanism of typhoid immunity is not well understood, and 
just how the injection of dead bacteria produces protection against 
typhoid fever is not known. That immunity persists for some 
time after it is impossible to demonstrate the presence of anti- 
bodies by present known methods is well established by clinical 
evidence. In the experimental inoculation of rabbits with 
typhoid vaccine Hachtel and Stoner (11) have shown that ein- 
oculation after agglutinin, bacteriolysin, and opsonin have dis- 
appeared from the blood is followed by a more rapid and prolific 
production of these bodies, and they conclude that the primary 
inoculation produces a sensitization of certain cells, so that the 
subsequent introduction into the body of dead or living typhoid 
bacilli is followed by a rapid production of antibodies by these 
sensitized cells in sufficient quantity to overcome, in most 
instances the invading organisms. Moon (12) has made a 
similar observation in the blood of human beings inoculated 
against typhoid. 
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Garbat (13) believes that infection is prevented by the pres- 
ence of bacteriolysin assisted in some degree by the opsonin 
produced by the inoculation of non-sensitized vaccine. The 
inoculation of sensitized bacteria, according to Garbat, is fol- 
lowed by a breaking up and combining of the bacteria with the 
complement of the blood with little or no production of agglu- 
tinin, bacteriolysin or complement fixation body, and the pro- 
tection is dependent upon the bacteriotropic or phagocytic 
activity which is stimulated by the central body or so-called 
endotoxin of the broken up bacteria. 

Gay and Claypole (4) have obtained a specific leucocytosis in 
rabbits by the inoculation of sensitized typhoid bacilli, and also 
conclude that typhoid immunity is very largely due to phagocy- 
tosis. 

Miiller (15) made leucocyte counts on patients vaccinated 
against typhoid fever with the following results: 


AVERAGE NUM- 
BER LEUCO- AVERAGE NUM 


CYTES 9 CASES BER 4 CASES 


BeLOreinoculatioi cs: os. se oe Gee ent oe ae 4260 5000 
Purstrday waiter inoculations). <.-cict wick hccis cloccehss acsyae 6170 6150 
mecond day atter moculatvion. «922 2.4-.a2 204 eciee ee 4780 3920 


According to these figures there is a slightly increased number 
of leucocytes in the first 24 hours after inoculation. It is not 
known whether sensitized or non-sensitized vaccine was used in 
inoculating these cases. 

In a series of experiments carried out by Bull (16) to deter- 
mine the fate of typhoid bacilli when injected intravenously into 
normal rabbits, it was found that the organisms disappeared 
from the blood stream in from one to ten minutes after mocu- 
lation. In an effort to trace the bacilli it was found that within 
a very short time after inoculation, from one to two minutes, 
the bacilli were agglutinated in the blood stream, the clumps 
gradually disappearing up to seven minutes, after which very few 
or none could be further observed. On immediately killing the 
animals and making smears from the organs, the clumped bac- 
teria were found distributed in the capillaries, sinusoids, and 
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blood spaces of the organs, particularly in the liver, lungs and 
spleen, and a large proportion of the clumps had undergone 
phagocytosis by the polymorphonuclear leucocytes, which had 
accumulated in the organs following the injection of the bacteria. 
Free and unclumped bacilli were also found. Bull concludes 
that the destruction of the typhoid bacillus intra vitam is 
brought about by agglutination and intraphagocytic digestion. 
He does not believe there is an intracorporeal bacteriolysis, 
although he made plates from various tissues of the body and 
was unable to recover per unit of measure as great a number of 
bacilli as were originally found in the blood. He points out the 
fact that typhoid bacilli may appear and survive in the blood of 
human typhoid patients at a time when the blood is highly 
bacteriolytic for the bacilli. 

In our experiments twelve rabbits were inoculated subcu- 
taneously with three vaccines prepared as follows: 

A vaccine, No. 6, was prepared from three cultures of the 
typhoid bacillus, Nos. 7, 29 and 30; No. 29 being a culture of 
the Rawling’s strain used in preparing the vaccine for the army 
and navy, No. 7 being a Hopkins strain, and No. 30 an organ- 
ism secured by blood culture from a patient with typhoid fever 
several years ago, both the latter possessing high binding prop- 
erties. The vaccine was made by washing off twenty-four hour 
agar growths with normal salt solution, and the emulsion thus 
obtained was divided into three equal portions and labeled Nos. 
6a, 6b and 6c. 

No. 6a vaccine was standardized by Wright’s method and the 
organisms killed by heating at a temperature of 58°C. for one 
hour. One half per cent phenol was added as a preservative. 

No. 6b was sensitized by adding antityphoid immune serum 
to saturation, incubating for three hours and placing in the 
refrigerator for twenty-four hours. It was then washed in nor- 
mal salt solution three times by centrifugalization, again taken 
up in salt solution, standardized by Wright’s method, and the 
organisms killed by heating for one hour at 58°C. Phenol 0.5 
per cent was added as a preservative. 

No. 6c was sensitized and washed in the same manner as No. 
6b, but the organisms were killed by the addition to the emul- 
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sion of an equal quantity of absolute alcohol. They were again 
washed in salt solution, dried 7 vacuo over sulphuric acid, 
ground up in a mortar, carefully weighed and again taken up in 
salt solution so that each cubic centimeter represented 750,000,000 
organisms. 

A series of four rabbits was inoculated with each of the vac- 
cines and the blood serum was tested for agglutinin, bacterio- 
lysin, and opsonin ten days after they had received the last 
inoculation. ‘The rabbits inoculated with vaccines Nos. 6a and 
6b received doses of 500,000,000, 1,000,000,000 and 1,000,000,000 
each, at seven day intervals. Those inoculated with vaccine 
No. 6c received three doses of 1 cc. each of the 750,000,000 per 
cubic centimeter emulsion on alternate days. 

The agglutination tests were made by the microscopic method, 
a twenty-four-hour old bouillon culture of No. 7 typhoid bacillus, 
and progressive dilutions of serum being used. 

The bacteriolysins were tested by the plate method, pro- 
gressive dilutions of inactivated serum, rabbit complement 
and a 1-10,000 dilution of a twenty-four hour old bouillon cul- 
ture of No. 7 typhoid bacillus being used. The mixtures of 
serum, complement and bacilli were incubated for three hours, 
plated in neutral agar and the number of colonies counted after 
forty-eight hours incubation. 

The opsonins were estimated by the method of Neufeld, 
rabbit’s leucocytes being used with culture No. 7 and progressive 
dilutions of serum. 

The results obtained with vaccine No. 6a are given in table 1, 
the figures in the various columns representing the highest 
dilution at which the various antibodies were demonstrable. 


TABLE 1 


Non-sensitized vaccine 


RABBIT AGGLUTININ BACTERIOLYSIS OPSONIN 
ING P19 TS eres chs sc oe Cee 1: 5120 1: 320 1: 160 
NO. 192 ere oes <8 i: 5 ik Ce 1: 1280 1320 1: 160 
INO PAGS eer eee evelerth Se are ae NS eerie 1: 1280 1: 40 1: 40 
Nos 94 ee etnias ois nis eee eee rok 1: 2560 1: 160 1: 80 
Pooled serum of 4 rabbits..............-- 1: 3000 1: 200 je 40) 
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The results obtained with vaccine No. 6b are given in table 2. 


TABLE 2 


Sensitized vaccine 


RABBIT AGGLUTININ BACTERIOLYSIN OPSONIN 
IN] Do: GE cea AN Bie Ze a er oer 1: 1280 1: 320 1: 160 
TN fore OG eer ee ae NE es ae cachet N has 1: 1280 1: 160 1: 160 
Os, TVs sates te en ae ea mn ev 1: 1280 1: 160 SO 
INOMELO Sees Ure Fe oy recs Aces UNG Wiss aoas oven ts 1: 1280 1: 80 1: 80 
Pooled serum of 4 rabbits............... 1: 1280 1: 200 1: 120 


The results obtained with vaccine No. 6c are given in table 3. 


TABLE 3 


Sediment sensitized vaccine, Gay 


RABBIT AGGLUTININ BACTERIOLYSIN OPSONIN 
INI 3. TID eee oe a a ne 1: 640 1: 160 1: 160 
INO MB OO eet orci nk Leak dure line phos aaa 1: 640 1: 160 1: 160 
INI@e. PADI Sees ee hs See ea ee 1: 640 SO 1: 80 
NOPD ern rae srcieiers kf crsee Miche d wrtay oleiatvens 1: 1280 1: 80 1: 160 
Rooled serum) of! 4 rabbits..23:0.5.....5. 1: 800 W120 1: 150 


On comparing the above tables it will be observed that non- 
sensitized vaccine, No. 6a, produced a much higher titer of agglu- 
tinin than did the sensitized vaccine No. 6b or sediment sensi- 
tized vaccine No. 6c, and that sensitized vaccine No. 6b pro- 
duced higher agglutinin than did sediment sensitized vaccine 
No. 6c. Non-sensitized vaccine No. 6a and sensitized vaccine 
No. 6b produced the same titer of bacteriolysin and opsonin, 
the bacteriolysin being slightly higher and the opsonin slightly 
lower than that produced with sediment sensitized vaccine No. 
6c. 

In order to test further the comparative efficiency of the 
three vaccines, five months after having received the last dose 
of vaccine, all twelve rabbits were inoculated intravenously 
with 1 ec. of a twenty-four-hour old living culture of No. 7 
typhoid bacillus. The results obtained are given in table 4. 

While these experiments are too few in number to prove any- 
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TABLE 4 

RABBIT | VACCINE USED RESULTS 

No. 191| 6a Non-sensitized Alive at the end of 8 months. 

No. 192| 6a Non-sensitized Alive at the end of 8 months. 

No. 193 | 6a Non-sensitized Found dead 48 hours after inoculation. 
No. 194} 6a Non-sensitized Alive at the end of 8 months. 

No. 195| 6b Sensitized Found dead 24 hours after inoculation. 
No. 196 | 6b Sensitized Alive at the end of 8 months. 

No. 197 | 6b Sensitized Found dead 24 hours after inoculation. 
No. 198 | 6b Sensitized Found dead 48 hours after inoculation. 


No. 199 | 6c Sediment sensitized | Found dead 24 hours after inoculation. 
No. 200! 6c Sediment sensitized | Alive at the end of 8 months. 
No. 201} 6c Sediment sensitized | Alive at the end of 8 months. 
No. 202| 6c Sediment sensitized | Found dead 24 hours after inoculation. 


thing definite, they suggest that non-sensitized vaccine produces 
a slightly higher grade of immunity in rabbits than does sensi- 
tized, and that the degree of immunity may be approximately 
estimated by the production of antibodies, namely, agglutinin, 
bacteriolysin and opsonin. 

In order to study the difference in reaction produced by the 
inoculation of sensitized and non-sensitized vaccines, a second 
vaccine was made from the same three organisms, Nos. 7, 29 
and 30, and since the animal experiments showed only slight 
differences in the production of antibodies between the two sen- 
sitized vaccines No. 6b and 6c, this stock was divided into two 
equal quantities. One portion, known as No. 7a was prepared 
in the same manner as No. 6a, and the second portion, known 
as No. 7b prepared in the same manner as No. 6b. 

Portions of each vaccine were furnished to the Springfield 
State Hospital, where very careful records are kept of all reac- 
tions following antityphoid vaccination. We were able to secure 
records of the temperature following the inoculation of ninety- 
six cases, sixty-six having been inoculated with sensitized and 
thirty with non-sensitized vaccines. It was impossible to secure 
the results following all three inoculations in every instance. 
The results are tabulated in table 5. 

As shown in table 5, the reactions following the injection of 
sensitized and non-sensitized vaccines, as measured by the 
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TABLE 5 
SENSITIZED NON-SENSITIZED eee peeled 
TEMPERATURE 

Ist in. | 2din. | 3din. | Istin. | 2din. | 3din. | Per cent Per cent 
INOTmala et seek eee 21 32 21 12 12 13 45.1 bya I 
Normal—101° F..... 38 23 25 16 10 7 52.4 46.4 
LOM 103 hes. 3 1 0 1 0 0 2.4 1.4 
Over wdOscchee 0 0 0 0 0 0 0.0 0.0 

cotati «teste 62 56 46 29 aD, 20 


temperature produced was a trifle less in those receiving the 
non-sensitized product. 

A study was made of the agglutinin, bacteriolysin and opso- 
nin present in the serums of twenty-three of these individuals. 
The blood was collected ten days after the third inoculation. 
Twelve specimens were obtained from patients inoculated with 
non-sensitized and eleven from those inoculated with sensitized 
vaccines. Of the former, six specimens were from females and 
six were from males, of the latter six were from females and five 
from males. The results obtained with non-sensitized vaccine 


are given in table 6. 
TABLE 6 


Non-sensitized vaccine 


SERUM NO. SEX AGGLUTININ BACTERIOLYSIN OPSONIN 

PAI eR OL EOE Oe Os M 1: 1024 1: 128 1: 128 

2.8 At ba eC CI ELE aoe M 1:1024 1: 128 1: 64 

155 Be ct Ra pe a Ieee M 1: 1024 1: 128 1: 64 

2 eee ee AeA eee ome Aetins  oa6 M 1: 1024 1: 256 1: 128 

a er any oh iy sss eee M 1: 1024 12128 1; 128 

TL, SSW Gee Heep raiomite recs M 1: 2048 1: 256 1: 128 
11334 os hee ER REAR ce eae Reco ee ES F IGE stay 1: 64 132 
Ths chee RE RE A PC Re Bites 5 F 1: 1024 i328 1: 64 
115) 3 pS SRE ER oie. ree F 1: 2048 1: 128 1: 128 
GEESE Mieco ates ate cocoon F 1: 1024 1: 128 1: 128 
Qe ere lolccsuscutis ee ers SES F 1: 1024 1: 256 1: 128 
OAD SANS aah aR ees P net Airy oa F 1: 1024 12128 1: 64 
Pooled serum of 12 patients. 1: 1300 1: 160 1: 100 


The results obtained with sensitized vaccine are given in 
table 7. 
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TABLE 7 

Sensitized vaccine 
SERUM NO. SEX AGGLUTININ BACTERIOLYSIN OPSONIN 
| Pe Re ener RA Sree M 1: 2048 1: 256 at28 
21D ioe ee oT HUD TER ULE Area M OZ 1: 64 1: 64 
Gree oe tae een es M 1: 1024 1: 128 12128. 
Tecan bee GREE Oe Rice M I 256 1: 64 1: 64 
1 UO rel epee ere Repeat Te aoe 2 M Le 256 1: 64 1: 64 
i VRAIS chert aty Si eetcrer F Aes 256 1: 64 LG 
7pm ead bet oan, Cie ee F 1; © 256 1: 64 so 
SS eee es tae Re rates eit ctens F 1256 e128 28 
Og sree ese Si 59 MLR, oe ae Be F 1: 1024 1: 128 1: 64 
DOR NT etae Romy ae sch ate id, od Nees F 1bSe PAsi6) 1: 64 1: 64 
OER cae eniat tia ail ene ee F = 256 1: 128 NIG: 
Pooled serum of 11 patients. 1: 600 12120 1: 90 


Here again, as in the animal experiments the agglutinin pro- 
duced by the non-sensitized vaccine is much higher than that 
Also, the differences in the titer of 
the bacteriolysin and opsonin produced by the two vaccines is 


produced by the sensitized. 


so slight as to be regarded as practically negligible. 


Complement fixation tests were made with four of these speci- 
mens, two from cases that had received sensitized and two non- 


sensitized vaccine. 
The results follow: 


Serum No. 11, 
0:2 ‘cc. 
Os ce: 
O:05-cc. 
Serum No. 16, 
O:2 ec. 
Of ce 
0.05 ce. 
Serum No. 17, 
OZ nce: 
Ou. ce: 
0:0) <ce: 
Serum No. 21, 
0.2 ce. 
O:t) <ce; 
0.05 ce. 


non-sensitized vaccine. 
of serum, no hemolysis. 
of serum, no hemolysis. 
of serum, no hemolysis. 
non-sensitized vaccine. 
of serum, no hemolysis. 


of serum, very slight hemolysis. 
of serum, incomplete hemolysis. 


sensitized vaccine. 


of serum, incomplete hemolysis. 


of serum, complete hemolysis. 
of serum, complete hemolysis. 
sensitized vaccine. 

of serum, no hemolysis. 


of serum, very slight hemolysis. 
of serum, incomplete hemolysis. 


ne 


Pees = 


aa se eee 
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It was intended to make complement fixation tests with all of 
these serums but unfortunately our work was interrupted before 
this could be completed. 


DISCUSSION 


In comparing the results obtained in these experiments with 
those obtained by other observers, it will be noted that in the 
reactions following the inoculation of non-sensitized and sensi- 
tized vaccine in human beings, our results agree with those of 
Sawyer, in that the difference is so slight that from a practical 
standpoint it is doubtful if one vaccine has any advantage over 
the other in this respect. The very slight difference that does 
exist is probably due to the idiosynerasy of the patients inocu- 
lated, and will vary to a slight degree one way or the other with 
different groups of cases. 

In both animal and human tests the results are in accord with 
those obtained by other writers in that non-sensitized vaccine 
produced a higher titer of agglutinin than did sensitized. 

In regard to the bacteriolysin and opsonin produced by non- 
sensitized and sensitized vaccines, in our experiments both human 
and animal, the differences between the two were so slight that 
they were probably due to the methods employed in making the 
tests or to unavoidable errors in technique, and it cannot be said 
that either vaccine possessed any marked advantage over the 
other in the production of these two antibodies. These results do 
not agree with those obtained by Garbat and Meyer, Broughton 
Alcock, and Gay and Claypole, who found that sensitized vac- 
cine produced serums rich in opsonin but poor in bacteriolysin, 
and non-sensitized produced serums rich in bacteriolysin but 
comparatively poor in opsonin. Nor do they concur with those 
of Schottstaedt, who found that non-sensitized vaccine pro- 
duced serums richer in both bacteriolysin and opsonin than did 
sensitized. 

From these various results it must be assumed that while 
sensitized vaccine does sometimes produce serums richer in 
opsonin and poorer in bacteriolysis than does non-sensitized, 
this is not constant and the reverse may occur. It seems pos- 
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sible that so far as the production of bacteriolysin and opsonin 
is concerned, it may vary under different conditions and with 
different animals. 

Assuming this to be a fact, since the superiority of sensitized 
vaccine is supposed to be due almost entirely to its opsonic pro- 
ducing qualities, and since our experiments as well as others 
show that this quality is not constant, the question as to whether 
it possess advantages over non-sensitized vaccine in the prophy- 
lactic immunization against typhoid fever is doubtful. 

It is well known that so far as the production of immune 
bodies is concerned, the same phenomena follow the parenteral 
introduction of killed typhoid bacilli into the body and the 
entrance of the living infectious organism through the digestive 
tract. The experiments of Bull show that agglutinin plays a 
more important part in the production of immunity than has 
heretofore been credited to it. It has long been believed that 
the disappearance of typhoid bacilli from the blood in typhoid 
fever was due to the activity of the bacteriolysins. These have 
been demonstrated in vitro in the serums of typhoid patients 
by Stern and Korte (17), Hahn (18), Korte and Steinberg (19), 
Dennison (20), and others. In four cases studied by Dennison 
bacteriolysin was demonstrated at the height of the disease 
at dilutions of 1-1,000,000, 1—500,000, 1—50,000, and 1—50,000 
respectively. Therefore, it seems probable that in the prophy- 
lactic inoculation against typhoid fever bacteriolysin may also 
play an important role. 

After a study of the results obtained by other observers as 
well as by ourselves, we cannot accept the theory that typhoid 
immunity is due to phagocytic activity alone, but believe that 
the mechanism is a multiple one in which agglutinin, bacterioly- 
sin, opsonin and perhaps stil! other immune bodies all take an 
active part. 

CONCLUSIONS 


As measured by the production of agglutinin, bacteriolysin, 
and opsonin, sensitized vaccine possesses no distinct advantage 
over non-sensitized vaccine in the production of prophylactic 
typhoid immunity. 


- 
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The reactions following the injections of prophylactic typhoid 
vaccine are about the same with both the sensitized and non- 
sensitized product. 

Owing to lack of concrete evidence that prophylactic ty- 
phoid immunity is due wholly to phagocytic activity, and that 
sensitized vaccine produces an increased phagocytosis, we shall 
still continue to recommend the use of non-sensitized vaccine. 
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In a study of the thermogenic functions of the corpus stria- 
tum I have been led into a reinvestigation of the question of the 
occurrence of specific neurotoxins. Certain substances bring 
about a marked change of body temperature when applied to 
the corpus striatum and do not produce this effect when applied 
to other parts of the brain (1). This would indicate a differ- 
ence in chemical composition between the corpus striatum and 
the other parts. It is conceivable that the characteristic differ- 
ences should depend upon the protein constituents and hence it 
might be possible, by suitable methods, to induce the formation 
of specific neurotoxins in case such substances really occur. 

Delezenne (2) described a neurotoxic serum obtained from 
a rabbit by repeated intraperitoneal or subcutaneous injection of 
an emulsion of dog brain. This serum, when injected into the 
marginal vein of a dog’s ear, proved fatal in 5 to 10 minutes in 
doses of 0.2 ec. per kilo of body weight. Subcutaneous injection 
of 0.3 to 0.4 ce. caused death in one hour. Intracerebral injec- 
tion of 0.005 cc. per kilo killed the dog in 5 to 10 minutes; 
0.0001 cc. in a few days. Delezenne states that the serum is 
fifty times more toxic when injected directly into the brain. 
His detailed studies of the nervous symptoms and the lesions 
produced by injection of neurotoxic serum were made on the 
dog with doses of 0.5 to 0.6 ec. of neurotoxic rabbit serum in- 
jected into the brain anterior to the cerebellum. After a few 
minutes, convulsions and partial paralysis of the limbs took 
place. There was rapid suppression of all activities of the cen- 
tral nervous system, especially the functions of the medulla. 
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Death in most cases followed in 24 hours. In a number of 
cases the animals recovered in 3 to 4 days. 

Enriquez and Sicard (3) attempted to obtain a rabbit serum 
that would be neurotoxic for the dog. They were successful in 
getting only a weakly active serum. Revanna (4) had similar 
difficulties. Centanni (5), however, reported having obtained a 
neurotoxic serum by injecting a sheep intraperitoneally with an 
emulsion of rabbit brain. 

Armand-Delille (6) carried out an extended set of experi- 
ments injecting an emulsion of the brain of the dog into ani- 
mals of several different species, using the exact method of 
Delezenne. He found that with certain animals it was impos- 
sible to obtain any neurotoxic serum. Experiments on sheep, 
rabbits, dogs and guinea pigs were successful. His most com- 
plete series of experiments was with dogs and guinea pigs. An 
emulsion of 1 gram in 6 cc. physiological salt solution of cere- 
brum, cerebellun, and medulla of a dog was injected intra- 
peritoneally about every four days into guinea pigs and the 
injection was repeated 4 to 6 times. Six to seven days after the 
last injection these animals were bled. Of the serum obtained, 0.3 
to 1.2 ec. per kilo was injected intracerebrally into a dog. After 
injection the dog remained normal about 15 minutes. Then 
torpor came on lasting 40 minutes to 3 hours. This was fol- 
lowed by 5 minutes of intense convulsions. A series of convul- 
sions followed by intervals of coma, each more intense than the 
last, preceded death, which came in 1 to 24 days. In a few 
cases the animal recovered; in others there were convulsions and 
no coma and vice versa. His histological study of the brain of 
a dog that died several days after injection showed vascular 
congestion, infiltration and extreme chromatolysis and altera- 
tion of the nerve fibers. A control experiment with injections of 
normal guinea pig serum produced no symptoms even when 
increased to 2 to 3 cc. per kilo of body weight. Goldbaum (7) 
confirmed the results of Delezenne and Armand-Delille. 

The above observations seemed to show that a serum prepared 
by repeated intraperitoneal injections of the brain substance of 
an animal of another species when injected intracerebrally into 
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an animal of the species from which the brain substance was 
taken caused extreme nervous disorders, generally followed by 
death. 

My experiments were based on the general method of Dele- 
zenne and were at first performed in the following way: An adult 
eat was bled by cutting the carotids and jugulars. The corpus 
striatum was taken out antiseptically and washed in physiologi- 
cal salt solution to free it from blood. It was then ground in a 
mortar until a homogeneous mass of about five grams was ob- 
tained. To this was added five times its volume (about 25 cc.) 
of physiological salt solution, aseptic precautions being taken 
with all instruments and vessels used. This emulsion was in- 
jected intraperitoneally or subcutaneously, the results being the 
same in either case, into four of five rabbits. Each animal re- 
ceived 5 cc. (about 1 gram of nerve material). The injections 
were repeated every day for from 4 to 5 days, varying in different 
cases. 

After 10 to 14 days, or in several cases a longer period, the 
rabbits were bled from the carotid into sterile test tubes. The 
tubes were left 18 to 24 hours at 10°C. and then the serum was 
drawn into sterile pipettes in which it could be kept. About 
15 cc. of serum was, with antiseptic precautions, injected sub- 
cutaneously into a cat whose normal range of temperature had 
been previously determined. The temperature was taken every 
twenty minutes for from 6 to 12 hours after injection. 

Four series of experiments, with five rabbits and three cats in 
each, were made, the results being practically the same in every 
case. In one case, which may be taken as typical, injection of 
5 ec. of immunized serum gave a rise of 0.4 to 0.5°C. Injec- 
tion of the same amount of normal rabbit serum gave a rise of 
0.3-0.4°C. This difference is not at all of the order of magni- 
tude to be expected if a specific neurotoxin had really been 
obtained; for injury to the corpora striata, as found by White (8), 
Ott (9), Nikolaides (10), and others, brings about a rise of tem- 
perature of 2 to 7°C. The small rise of temperature in my re- 
sults cannot be interpreted as an indication, therefore, that eytol- 
ysis had taken place in the corpus striatum or that a specific 
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neurotoxin to the corpus striatum could be obtained. Neither 
nervous symptoms nor death resulted in any case. 

These experiments were repeated a sufficient number of times 
to make very definite the negative outcome. Positive results 
might be called in question as the result of faulty technic, but 
negative results under the conditions of the experiment can 
mean only that the neurotoxins do not exist. 

In order to determine, if possible, whether the extreme nerv- 
ous symptoms obtained by Delezenne, Armand-Delille and 
others were due to some cause other than that of a neurotoxin, 
the following experiments were performed: 

1. 1 cc. of serum prepared as in the first series was injected 
into the cerebrum of a cat just anterior to the cerebellum and 
to the right of the median line. No nervous symptoms nor 
other effects of the injection were noted. 

2. In another set of experiments the exact method of Dele- 
zenne was used. Rabbits were injected every four days for four 
times with the cerebellum and medulla of a cat’s brain. After 12 
days one rabbit was bled. Three cubic centimeters of the serum 
obtained was injected intracerebrally into a cat. No nervous 
symptoms resulted. 

Another rabbit of the same series, which from some unknown 
cause became extremely sick, was bled. Its serum was injected 
intracerebrally into another cat. The cat died after the second 
day. Examination of the brain showed marked infiltration. 

3. (a) Normal cat corpuscles were treated with the rabbit 
serum prepared in experiments 1 and 2. The result was nega- 
tive as to hemolysis and positive as to agglutination. 

(6) Normal cat serum treated with normal rabbit serum 
showed neither hemolysis nor agglutination. 

(c) Normal cat serum treated with prepared rabbit serum 
showed marked precipitation. 

(d) Normal cat serum treated with normal rabbit serum 
showed only very slight precipitation. 

4. Hemolytic rabbit serum was prepared by repeated injec- 
tion of 2 cc. of cat blood. 0.2 ce. of this hemolytic serum was 
injected intracerebrally into a cat. The cat never recovered 
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from the anaesthetic. It appeared drowsy and was unable to 
stand erect. The torpor increased on the following day. It 
died on the third day. 

The above experiments show that a strongly hemolytic serum 
caused torpor and finally death when injected intracerebrally. 
On the other hand, a non-hemolytie serum prepared by injec- 
tion of nerve tissue had no noticeable effect. The results ob- 
tained by the workers cited above might, therefore, be due to a 
hemolytic or other toxic action of the serum and not to neuro- 
toxins. The infiltration, vascular congestion and chromatoly- 
sis could all be produced by hemolysis. The so-called excep- 
tional cases reported by Delezenne and Armand-Delille in which 
the animals recovered in 2 to 4 days might well be taken as posi- 
tive results indicating that neurotoxins had not been obtained. 
The other cases cannot be cited as proof of the presence of 
neurotoxins. 
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INTRODUCTION 


We (1) have shown that the several products of the disinte- 
gration of the proteins have, in certain quantities, a thrombo- 
plastic action. Now many authors (Noff (2), DeWaele (3), 
etc.), claim some very close connections between bloodclotting, 
hemolysis, anaphylaxis and the numerous immunological reac- 
tions. It has, therefore, appeared interesting to us to inquire 
whether the amidoacids, the peptids, and the proteoses exert an 
action on hemolysis. 

In this communication (4), we shall describe only the experi- 
ments that we have made with cobravenom. 


TECHNIQUE 


We used decimolecular solutions of glycocoll, alanin, leucin 
and phenylglycocoll; twentieth molecular solutions of diglycin, 
triglycin and leucylglycin; saturated solutions of glycyltryp- 
tophan, tetraglycin, and pentaglycin, and 1 per cent solution of 
protoalbumose and heteroalbumose. ‘These proteoses were pre- 
pared after the method of Pick (5). 

All of these solutions were made with physiological salt solu- 
tion (0.85 per cent) and accurately neutralized towards litmus. 

In each experiment, we set up a series of test tubes. Each 
tube contained 0.1 cc. of a 0.4 per cent solution of cobravenom, 
and 1 ce. of one or the other of the preceding solutions of the 
split products of proteins, either as it was or in a variable degree 
of dilution with physiological saline solution. In every test tube 

531 


532 EDGARD ZUNZ AND PAUL GYORGY 


was placed one drop of a suspension of the red corpuscles of 
guinea-pig, man, dog, rabbit, sheep, calf or ox. 

In some experiments, we added to a part of the test tubes, 
before the addition of the suspension of red corpuscles, 0.1 cc. of 
the serum of guinea-pig or of rabbit, either as it was or after in- 
activation by heating at 56°C. 

In each experiment, a tube containing 1 cc. of cobravenom 
and a drop of the employed suspension of red corpuscles was pre- 
pared. We prepared also a set of control tubes, without co- 
bravenom, containing the different experimental solutions of 
amidoacids, peptids or proteoses and red corpuscles alone or 
with guinea-pig’s serum or rabbit’s serum either as it was or after 
inactivation. : 

All the test tubes were closed with little India rubber stoppers. 
The tubes remained at the temperature of the laboratory (18° 
tor20°C.). 

We noted approximately the beginning of the hemolysis only 
in the first experiments. This unfortunately is not easy with a 
great number of test tubes. Therefore we give all our attention 
to the determination of the intensity of the hemolysis; first, 
after 14 to 5 hours, and then after 18 to 20 hours. This was 
done by a method similar to the one that Madsen proposed for 
testing the hemolytic properties of tetanolysin. In each experi- 
ment, we diluted the suspension of red corpuscles with the quan- 
tity of water necessary to complete hemolysis. This red fluid 
was taken as the degree 10 of intensity of hemolysis. On the 
other hand, the suspension of red corpuscles without addition of 
water and also without hemolysis corresponded to the degree 0. 
Through addition of 1 to 9 parts of water to the suspension of 
red corpuscles, we obtained several fluids with degrees of hemol- 
ysis corresponding with 1 to 9 (or approximately from 10 to 90 
per cent of complete hemolysis). By comparing the different 
test tubes with this color scale, we could determine approxi- 
mately the intensity of hemolysis in each test tube. 

As is well known, the resistance of the red corpuscles is not 
the same in the different animal species. We shall present our 
experiments in the order of increasing resistance towards the 
hemolytic action of cobravenom, namely, first the experiments 
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with the red corpuscles of the guinea-pig, then successively the 

experiments with those of man, dog, rabbit, sheep, calf and ox. 
We never observed hemolysis in the control tubes without 

cobravenom, so that it is unnecessary to speak further of these. 


Experiments with red corpuscles of the guinea-pig 


We have given, in the form of tables, the three experiments 
that were made with these corpuscles. 

In Experiment 1, the beginning of the hemolysis was accele- 
rated by the addition of glycyltryptophan, of protoalbumose, 
and above all of leucin. This acceleration was most marked 
with the large dose of leucin and with the small doses of proto- 
albumose and of glycyltryptophan. The addition of 0.5 to 1.0 
ec. of diglycin or of 0.1 to 1.0 ce. of triglycin or leucylglycin, 
on the contrary, occasioned a delay in the beginning of the 
hemolysis. 

The intensity of the hemolysis is notably increased after addi- 
tion of glycyltryptophan and above all of leucin. After the 
addition of leucylglycin or of triglycin, one observes after 2 hours 
no hemolysis by cobravenom and the intensity of the hemolysis 
jis not very great after 19 hours. The large doses of these pep- 
tids exert a greater inhibitory action than the others. We ob- 
serve also no hemolysis after 2 hours in the test tubes contain- 
ing 0.5 to 1.0 ce. of diglycin and 0.9 to 0.1 cc. of alanin. After 
the same time, the intensity of the hemolysis is less in the tubes 
containing also 1 ec. of glycocoll, 0.1 cc. of diglycin, 0.1 to 0.5 
ec. of alanin or 0.5 to 1 ce. of protoalbumose than in the control 
tube with physiological saline and cobravenom. After 19 hours, 
the decrease in the intensity of the hemolysis exists in the tubes 
containing 1 ce. of glycocoll, 0.1 to 1 ce. of diglycin (the large 
dose being the most active), 0.5 to 1 cc. of alanin or 0.5 to 1 ce. 
of protoalbumose. 

The Experiment 2 shows that the hemolysis of the red corpus- 
cles of guinea-pig did not begin after 3 hours without addition of 
serum, but was complete after 19 hours. The beginning of the 
hemolysis was accelerated by 0.1 to 1 ce. of glycyltryptophan 
(the most by the small dose), 0.1 to 1 cc. of leucin (the most by 
the large dose), 0.1 ec. of alanin, 0.5 to 1 ce. of heteroalbumose 
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(the most by the large dose), 0.1 to 1 ce. of protoalbum (the 
most by the small dose). 

After 19 hours, we observe no hemolysis in the tubes contain- 
ing 1 ce. of triglycin, 1 ce. of leucylglycin or 0.1 ce. of heteroal- 
bumose. As the hemolysis is already complete (10) after 19 
hours in the control tube, it is natural that we do not observe any 
action by the addition of 0.1 to 0.5 cc. of glycyltryptophan, of 
0.1 to 1 ce. of leucin, of 0.5 to 1 cc. of heteroalbumose or of 0.1 
to 1 ce. of protoalbumose, because at these doses all these prod- 
ucts have already accelerated the hemolysis after 3 hours. 

The intensity of the hemolysis is decreased by 1 ce. of glyco- 
coll, more by 0.1 to 1 cc. of diglycin (the most by the large dose) 
and still more by 0.1 to 0.5 cc. of triglycin (the most by the large 
dose). The inhibitory action is here also in strong connection 
with the complexity of the added product, diglycin being more 
active than glycin, and triglycin than diglycin. This was al- 
ready shown in Experiment 1, but it is more apparent in Experi- 
ment 2. In both experiments leucylglycin and alanin exert 
an inhibitory action on the hemolysis, chiefly in the large doses. 
In Experiment 2, 1 ce. of glycyltryptophan exerts a decreasing 
action on the intensity of the hemolysis after 19 hours, contrary 
to the results obtained after 3 hours in this experiment and 2 
and 19 hours in Experiment 1. 

The addition of serum accelerates notably the hemolysis after 
3 hours in the control tube containing physiological saline serum 
and cobravenom and in all the other tubes with the exception of 
these containing 0.1 to 0.5 ce. of heteroalbumose. The action of 
the serum on the hemolysis by cobravenom is increased by gly- 
cocoll (the most in the large dose) and slightly by 0.1 ce. of tri- 
glycin, 0.1 to 0.5 ce. of glycyltryptophan (the most in the small 
dose), 0.5 to 1 cc. of leucin (the most in the large dose), 0.1 ce. 
of leucylglycin, 0.1 to 0.5 cc. of alanin, 0.1 to 0.5 ce. of protoalbu- 
mose. On the contrary this action is decreased by 0.1 to 1 ce. 
of diglycin (the most in the large dose), 0.5 to 1 ce. of triglycin, 
0.1 ee. of leucin, 1 ce. of leucylglycin. After 19 hours, we ob- 
serve everywhere complete hemolysis with the exception of the 
tubes containing 0.1 cc. of alanin, 1 cc. of leucylglycin, 0.1 to 0.5 
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ec. of leucin, where the intensity of the hemolysis is decreased, 
and of the tubes containing 0.1 to 0.5 cc. of heteroalbumose where 
no hemolysis at all exists. 

The Experiment 3 shows but a very late and very slight he- 
molysis in the control tube without serum. The addition of 
guinea pig’s serum is enough to produce complete hemolysis in 
2 hours time. Heating of the serum at 56 degrees diminishes 
this action in a very great proportion, so that the intensity of 
the hemolysis is but 1 after 2 hours and 5 after 18 hours. 

Without any addition of serum, the addition of 0.1 cc. of gly- 
cocoll accelerates and increases slightly the intensity of the 
hemolysis. The addition of 0.5 to 1 ee. of glycocoll has no ef- 
fect at all. This is also the case with the addition of 0.1 ce. of 
diglycin. The addition of 0.5 cc. of diglycin and, in greater de- 
gree, the addition of 1 cc. of this peptid decreases the intensity 
of the hemolysis. All the other products of the disintegration 
of the proteins increase the intensity of the hemolysis and acceler- 
ate the beginning of the hemolysis. This action is most marked 
after the addition of phenylglycocoll; then come -in decreasing 
order leucin, protoalbumose (the most with the greatest dose), 
glycyltryptophan and in a slight degree heteroalbumose (the most 
with the smallest dose.) 

After the addition of serum, one can see the inhibitory effects 
of the addition of 0.5 to 1 ce. of diglycin or of 0.1 cc. of hetero- 
albumose only on the beginning of the hemolysis whereas a sim- 
ilar effect is seen to be produced on the intensity of the hemol- 
ysis after 18 hours by 0.5 to 1 cc. of heteroalbumose. 

When the serum is heated at 56 degrees, glycocoll and hetero- 
albumose exert no effect at all. This is also the case with the 
addition of 0.1 ec. of diglycin. The addition of 0.5 to 1 ce. of 
diglycin produces some delay in the beginning of the hemolysis. 
Protoalbumose in small and medium doses accelerates a little 
the beginning of the hemolysis and in the large dose increases 
also the intensity of the hemolysis. Phenylglycocoll, with the 
addition of serum, has the same strong accelerating action on 
the beginning and increasing effect on the intensity of the hemoly- 
sis as without any addition of serum. One observes almost the 
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same effects upon the addition of glycyltryptophan or of leucin 
in the test tubes without serum or with serum previously heated 
at 56 degrees. 

Dans l’ensemble, l’hémolyse des hématies de cobaye est 
notablement accélérée et accrue en intensité par le phény'glyco- 
colle, la leucine, le glycyltryphtophane et la protoalbumose. 
L’hémolyse s’effectue plus vite en présence de’ fortes que de 
faibles quantités de phénylg'ycocolle et de leucine. L’hétéroal- 
bumose tend A accroitre légérement l’intensité de l’h‘molyse, 
Valanine au contraire 4 la diminuer quelque peu. Le glycocolle 
et surtout la diglycine, la triglycine et la leucylglycine entra- 
vent ’hémolyse, et cela d’autant plus que la concentration est 
plus forte. 

En présence de 0.1 cc. de sérum frais, l’action accélératrice 
de la protoalbumose et du glycyltryptophane et l’action inhibi- 
trice des fortes concentrations de diglycine, de triglycine et de 
leucylglycine ne se font plus guére sentir que dans de faibles 
limites. L’hétéroalbumose ne montre plus que des effets nocifs 
dans ces conditions. 

La présence de sérum inactive n’empéche pas |’accélération 
de l’hémolyse par le phénylglycocolle. Elle diminue par contre 
les effets favorables du glycyltryptophane et de la leucine et 
annihile presque ceus de la protoalbumose. Les effets nocifs 
de la diglycine sont beaucoup atténués. Le glycocolle et l’hétéro- 
albumose ne paraissent plus exercer aucune action. 


Experiments with red corpuscles of man 


Nous rapportons trois expériences de ce genre. Les hematies 
proviennent de sang recueilli aseptiquement chez trois personnes 
en parfaite santé. 

L’hémolyse s’est, comme chez le cobaye, déja produite en 
absence de sérum. L’addition de s‘rum frais de cobaye a 
aceéléré la vitesse de l’hémolyse. L’addition de s‘rum chauffé 
au préalable 4 56 degrés a retardé la rapidité de ce phnoméne 
et en a diminué l’intensité. 

Le phénylglycocolle a notablement accéléré l’hémolyse (et 


Experiment 4 


EACH TEST TUBE CONTAINS 0.1 cc. of 4 PER CENT SOLU- INTENSITY OF HEMOLYSIS AFTER 
TION OF COBRAVENOM AND | DROP OF SUSPENSION 
OF RED CORPUSCLES OF MAN, AND FURTHER 2 hours 18 hours 
MGC “Salt ec cackd 3 eee ees ee etee 0 4 
0.9 cc. salt +- 0.1 ce. glycocoll........... 1 5 
0.5 ec. salt + 0.5 ce. glycocoll........... 1 5 
ices. ely cocolli a evs 4 ae ane 1 5 
0:9 ce. salt -- 0.1 ce. diglycin...... 5... .. 0 Between 3 and 4 
0.5 ce. salt +-- 0.5 ce. diglycin.....:...... 0 Between 2 and 3 
ivces idigly cine tee netee GAkeas cnr ee 0 2 
0.9 cc. salt + 0.1 ce. phenylglycocoll.. ..| Between 0 and 1 | Between 5 and 6 
0.5 ce. salt + 0.5 cc. phenylglycoooll.....| - 5 10 
tice: | phenylclycocolleas-o.: -.cne ee 7 10 
0.9 ce. salt + 0.1 ce. glycyltryptophan...| Between 0 and 1 3 
0.5 cc. salt + 0.5 cc. glycyltryptophan.. . 0 Between 2 and 3 
ice: ‘glycyltryptophan’: sac... + 0-6 28 0 2 
02 9\ee; salt 0- 1 ces leucing 2.2) ae 2 Between 6 and 7 
0.5’ ee. salt --'0'5 cet, leucine; : 2. se. see 4 10 
Tree ei TEUCI Bye Se occa Ve ERE ae ee ae 6 10 
0.9 cc. salt + 0.1 cc. alanin.............. Between 0 and 1 4 
0:5:ce> salt. 0*S.ceValanin....2.. 3.0.22: Between 0 and 1 4 
R5CCrG RIANIN tees epee Oe Bia conve i] 4 
0.9 ce. salt + 0.1 cc. heteroalbumose..... 1 4 
0.5 cc. salt + 0.5 cc. heteroalbumose....| Between 0 and 1 3 
Ice: sheteroalbumose:......4--.4-5.250: 2 
0.9 ce. salt + 0.1 ce. protoalbumose...... Between 0 and 1 4 
0.5 ec. salt + 0.5 ce. protoalbumose...... 6 Between 9and10 
ivecs,  sprotoalbumose: o.\c26- -..02 2 es 8 10 
Experiment 6 
EACH TEST TUBE CONTAINS 0.1 Cc. OF 4 PER CENT SOLU- INTENSITY OF HEMOLYSIS AFTER 
TION OF COBRAVENOM AND 1 DROP OF SUSPENSION 
OF RED CORPUSCLES OF MAN, AND FURTHER 24 hours 18 hours 
IWCCORE, PSA Geer cee aon ee eae oe Between 0 and 1 10 
0:9’ cc. salt +- 0.1 ce: glycocoll...-......: 1 10 
0.5 cc. salt + 0.5 ce. glycocoll........... Between 0 and 1 10 
WNC ERE FLY COCOM Sean. s se cmiaise ned om oe ae towis x Between 0 and 1 10 
O'9rce: salt - O41) ce. dighyein..........6..... 0 8 
O: dice: salt:--.0/5 ccs dig-yein....::...:.- 0 7 
iteeme GIPlY CINE 202% 2. ec cece se cose ae 0 5 
0.9\cc. salt -- 0.1 cc. triglycin............ 0 10 
0.5 ce. salt + 0.5 cc. triglycin........... 0 Between 9 and 10 
CEU ULI PLY CIN vee i-3psthas on. oie < Hcloie 6 alot tote 0 Between 8 and 10 
0.9 ce. salt + 0.1 cc. tetraglycin......... 0 3 
0.5 cc. salt + 0.5 cc. tetraglycin......... 0 0 
INCGs ELEUTA RNY CH ecco os 5 octas aisle cs ona 0 0 
0.9 cc. salt + 0.1 cc. pentaglycin......... 0 9 
0.5 cc. salt + 0.5 cc. pentaglycin......... 0 6 
I. CEM ROONUAMUY CIM 035.5 0 52 hohe (als ee 0 4 
0.9 cc. salt + 0.1 cc. phenylglycocoll.....| Between 1 and 2 10 
0.5 ec. salt + 0.5 ec. phenylglycocoll.....| Between 6 and 7 10 
1ecs s phenylelycocoll:.... 2.2. (J2asee.: . Between 8 and 9 10 
0.9 cc. salt + 0.1 cc. glycyltryptophan.. . 4 10 
0.5 ce. salt + 0.5 cc. glycyltryptophan...| Between 0 and 1 10 
1 ce. ‘glycyliryptophan..-.....°. “asc.. 5h Between 0 and 1 10 
0.9:cces salt =O ec: leucine: 52 2.242. Between 3 and 4 10 
0.5 cc. salt, +-10°5 ce: leucin. .. 2.55 $05.05. 6 10 
Lee, leveintercer nce... . 5.) see are: Between 6 and 7 10 
0.9 ce. salt + 0.1 cc. alanin..............| Between 0 and 1 10 
0.5 cc. salt + 0.5 ce. alanin..............| Between 0 and 1 10 
Iisec, .calaninte sce sls. 1c wh nuceeeeee Between 1 and 2 10 
0.9 ce. salt + 0.1 ec. heteroalbumose..... Between 2 and 3 10 
0.5 ec. salt + 0.5 cc. heteroalbumose .... 0 Between 9 and 10 
avec: ” heteroalbumose.. 5... ace ee 0 8 
0.9 ce. salt + 0.1 ce. protoalbumose...... 2 10 
0.5 cc. salt + 0.5 ce. protoalbumose...... 3 10 
ikecs eprotoalbumoseiecece- ee eee eee eee f 10 
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en a accru l’intensité) tant de phénylglycocolle a été plus 
considérable. 

La leucine a agi de la méme fagon. 

La protoalbumose a accéléré l’hémolyse. La dose la plus 
forte a eu les effets les plus prononcés, sauf dans l’expérience 6 
en présence de sérum inactivé, ot l’on n’a pas constaté de différ- 
ences entre les trois doses envisagées. 

Le glycyltryptophane a exercé, en l’absence de sérum, une 
légére action favorable dans les expériences 5 et 6 sur l’hémolyse, 
défavorable au contraire dans |’expérience 4, surtout 4 la dose 
forte. En présence de sérum frais, la forte dose a retardé légére- 
ment le début de l’hémolyse, tandis que les deux autres n’ont 
exercé aucune action sur ce phénoméne. En présence de sérum 
inactivé, la forte dose a quelque peu accéléré le début de l’hém- 
olyse, tandis que les deux autres n’ont en aucune fagon influencé 
ce phénomene. 

En l’absence de sérum, le glycocolle a eu une action légére- 
ment favorable sur l’hémolyse dans les expériences 4 et 6 a4 
toutes les doses. Dans l’expérience 5, seule la dose la plus 
faible a quelque peu agi dans ce sens, tandis que les doses moyenne 
et forte n’ont exercé aucune action sur ’hémolyse. En prés- 
ence de sérum frais ou inactivé, le glycocolle n’a exercé aucun 
effet sur Vhémolyse. 

La diglycine, la triglycine, le tétraglycine et la pentaglycine: 
retardent dans toutes les expériences le début de l’hémolyse et 
en diminuent souvent l’intensité. La dose la plus orte est 
toujours la plus efficace. En présence de sérum frais ou in- 
activé, cette action nocive persiste pour la diglycine et pour 
la triglycine; elle n’a pas été recherchée pour les deux autres 
peptides. 

En l’absence de sérum, la forte dose d’alanine a légérement 
aecéléré le début de l’hémolyse dans |’expérience 5. L’alanine 
a eu la méme action, aux trois doses utilis*es, dans l’experience 4, 
et cela surtout 4 la forte dose. Dans l’expérience 6, cet acide 
aminé n’a exercé, aux trois doses expérimentées, aucune action 
sur ’hémolyse. En présence de sérum frais, dans cette expéri- 
ence, on a observé un trés léger retard du début de l’hémolyse 
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avec la forte dose. En présence de sérum inactivé, cette méme 
dose a amené une trés légére diminution d’intensité de ’hémolyse. 

L’hétéroalbumose a exercé des effets défavorable sur ’hémolyse, 
tant en l’absence de sérum qu’en présence de sérum frais ou 
inactivé de cobaye, dans les expériences 4 et 6 et cela surtout 
& la forte dose. Ces effets nocifs sont méme plutédt accentués 
par la présence de sérum pour ce qui concerne l’intensité de 
V’hémolyse. Dans l’expérience 5, en l’absence de sérum, la 
forte dose d’hétéroalbumose accélére le début de l’hémolyse, 
tandis que les doses moyenne et forte retardent l’apparition 
de ce phénoméne et en diminuent |’intensité. 


Experiments with red corpuscles of dog 


Nous ne disposons que de deux expériences effectuées avec 
des hématies de chien. 

Comme chez le cobaye et comme chez l’homme, le venin de 
cobra est parvenu, chez le chien, 4 provoquer l’hémolyse en 
Vabsence de sérum de cobaye. L’addition de ce sérum a re- 
tardé l’hémolyse dans |’expérience 7 et l’a au contraire accélérée 
dans l’expérience 8. Le sérum chauffé au préalable 4 56 degrés 
a retardé l’hémolyse et en a diminué l’intensité. 

Le phénylglycocolle a accéléré, en l’absence de sérum, le 
processus hémolytique. En présence de sérum frais de cobaye, le 
phénylglycocolle a par contre retardé l’hémolyse. En présence 
de sérum inactivé, le phénylglycocolle a 4 la fois accéléré ’hém- 
olyse et accru l’intensité du phénoméne. Dans tous les cas, la 
dose la plus considérable de cet acide aminé, a présenté le maxi- 
mum d’efficacité. 

En Vabsence de sérum, la leucine a accéléré notablement 
Vhémolyse. En présence de sérum frais de cobaye, l’accéléra- 
tion de l’hémolyse a persisté, surtout 4 la dose moyenne, dans 
Vexpérience 7, tandis qu’on n’a décelé aucun effet de |’addition 
de cet acide aminé dans l’expérience 8, ot ’hémolyse état déja 
compléte au bout de 2 heures dans le tube témoin. En présence 
de sérum inactivé, la leucine a accéléré l’hémolyse et accru 
Vintensité du phénoméne surtout 4 la dose faible. 
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Les diverses doses utilisées de glycyltryptophane, mais sur- 
tout la dose la plus faible, ont, en l’absence de sérum, retardé 
Vhémolyse. A la dose moyenne et 4 la dose faible, ce peptide a, 
en outre, diminué l’intensité du processus hémolytique dans 
l’expérience 8. En présence de sérum frais de cobaye, les doses 
faible et moyenne de glycyltryptophane ont légérement accéléré 
V’hémolyse dans l’expérience 7 et l’ont par contre quelque peu 
retardée dans l’expérience 8. En présence de sérum inactivé, 
les doses faible et moyenne de ce peptide ont accéléré l’hémolyse 
et les trois doses expérimentées ont augmenté l’intensité du 
phénoméne; la dose la plus faible a présenté le plus d’efficacité. 

En l’absence de sérum, |’alanine a retardé le processus hémo- 
lytique. En présence de sérum frais de cobaye, elle n’a exercé 
aucune influence sur ’hémolyse. En présence de sérum inactivé, 
le forte dose d’alanine a retardé le début du phénoméne et les 
trois doses expérimentées en ont accru quelque peu l’intensité. 

Le glycocolle n’a exercé que des effets peu marqués sur l’hémo- 
lyse des hématies de chien par le venin de cobra. En l’absence 
de sérum, les doses moyene et forte ont légérement retardé 
Vhémolyse. La faible dose a quelque peu accéléré ce phénoméne 
dans l’expérience 8 et est restée sans action dans |’expérience 7. 
En présence de sérum, dans |’expérience 7, les doses faible et 
moyenne ont légérement accéléré le processus hémolytique, 
tandis que la forte dose l’a quelque peu retardé. Dans |’expéri- 
ence 8, on n’a pu observer aucune influence du glycocolle sur 
V’hémolyse en présence de sérum frais de cobaye. Dans cette 
méme expérience, en présence de s¢érum inactivé, la forte dose 
de glycocolle a légérement diminué l’intensité de l’hémolyse. 

Tant en l’absence de sérum qu’en présence de sérum inactivé, 
la diglycine et surtout la triglycine ont retardé l’hémolyse et 
diminué l’intensité de ce phénoméne, et cela d’autant plus que 
la dose de peptide employée a été plus considérable. En prés- 
ence de sérum frais de cobaye, on n’a plus observé que le retard 
du processus hémolytique. 

La leucylglycine a, en l’absence de sérum, retardé ’hémolyse 
et diminué l’intensité de ce phénoméne, et cela d’autant plus 
que la dose de peptide utilisée a été plus élevée. En présence 
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de sérum neuf de cobaye, la leucylglycine a légérement accéléré 
le processus hémolytique, mais en a diminué l’intensité dans 
Vexpérience 7. Elle a retardé, 4 la dose moyenne et surtout 
4 la forte dose, la marche de l’hémolyse sans amoindrir |’intensité 
de ce phénoméne dans .’expérience 8. En présence de s¢érum 
inactivé, la leucylglycine a accéléré l’hémolyse et en a accru 
Vintensité. 

En |’absence de sérum, la protoalbumose a retardé l’hémolyse, 
et ceci surtout lorsqu’on a employé la forte dose de cette pro- 
téose. En présence de sérum frais de cobaye, le processus 
hémolytique a été légérement accéléré, mais a décru en intensité 
dans l’expérience 7. Il a manifesté dans ces conditions, dans 
Vexpérience 8, aux doses moyenne et forte de protoalbumose, 
quelque retard par rapport au tube t¢moin sans que la présence 
de la protéose ait empéché l’hémolyse de finir par étre compleéte. 
En présence de sérum inactivé, l’intensité de Vhémolyse a montré 
un léger accroissement lorsqu’on s’est servi des doses faible et 
moyenne de protoalbumose et a au contraire quelque peu diminué 
quand on a employé la forte dose de cette protéide. 

Les doses moyenne et forte d’hétéroalbumose ont, en l’absence 
de sérum, amené un léger retard de l’hémolyse sans agir sur 
Vintensité finale du processus. Ce retard s’est montré, en prés- 
ence de sérum frais de cobaye, aux trois doses d’hétéroalbumose 
employées. Il a été d’autant plus considérable que la quantits 
de cette protéose était plus grande. L’intensité de l’hémolyse 
a diminué dans le tube renfermant la dose moyenne et sur- 
tout dans celui contenant la forte dose d’hétéroalbumose. Les 
effets de cette protéose sont restés les mémes en présence de 
sérum inactivé que de sérum frais; toutefois la faible dose de 
cette protéose n’a pas entraine dans ce cas de diminution de 
V’intensité de ’hémolyse au bout de 2 heures, mais bien au bout 
de 19 heures. 


Experiments with red corpuscles of rabbit 


Ces recherches comprennent deux expériences dans lesquelles 
on a employé du sérum de lapin et une ot l’on s’est servi de sérum 
de cobaye. 


Z v6 Zz I c Z Site SMe aMia) o: elfbi ) o)') ove) W) of herve’ eual/el el «left: e.a esoumnqB%ojoid "90 

G z Ze I Z 0 CE CaM Or ON Cn oet Ia) ssounqyvoyoid ‘00 C0 + qyes ‘90 Gi 

€ z Z I I pur 0 ‘4oq 0 srreeeseessss-ggoumnq[Boyoid 09 [T° + 4[BS °090 6° 

6 pus g yoq | 2 Ol Lpueg-yoq |tpusowed| oO [ccc asounqyeo1oyoy “00 

€ pue Z yoq I I pue 0 oq 0 0 0 mre ees ssssss -QgOUING[BOIEJaY "00 G°Q + JIBS 100 G° 

¢ puv Z 4oq T I pue 0 yoq 0 0 0 meses sess ss -QsOUINQ[BOIaZoY °09 ['Q + 9IBS °99 G' 

; z I z pur [ “yoq OQ frrccccttttet rene eet ees UIUB[e “90 

P ee g I I 0 O60) e0\e) 6) €) © wih \@ 106-0) ef 4) 0 ia ene lee UlUB]B "99 GO -- 4[BS Fy 19) (qe 

& c put P “oq “6 G I iL pus 0 “40q 0 O86) (0) 8) 6 Seb ie ue) er whens eee nee UIUV]B "00 T'0 + 4[ Bs 9¥9) 6° 
& Z Z I pue 0 ‘qoq 0 L pus 0 ‘Jog (ag lasek aaa oa ear ee oS ura A[B[AONOT ‘99 
a z z I 0 TeRE GROUSE KO) Glo ea uroA]S[AoNGy *09 G°O + FBS ‘00 G° 
is € f |S puel yoq I PPSeO9G | OT) ee uloA[S[AONy °09 [°O + 9188S "09 6 
B 9 F ) z gpue yz goq | Zo olor tet urone, “99 
9 g 9 T c I 06) 1.0 1616116 16.6" ©) er0. (0 10, (61:6 678,005.80, 0 urone] ays) co -f- yes 5 G 

a a g F I ¢ 0 el Slieseltelielie, bush s'ecevlei.a alia ‘sire io « ole levis, Bye uIONd] “99 0 -{ "99 6° 
a (3) pues C ‘qoq T I 0 I 0 Dycayis 6ife! elie! 61 @).s8°e (e\\e) ee) ayie}(aj ie) ejialierio!s uvydoydArypAoA]s aya) 
Ay € pus Z yoq T I 0 Z puv T yoq 0 moreessssssurpydoydArypAOATS °909 G°Q + 48S *00 G° 
5 P € I I 0 0 verecsessesupydoydArqyAATS 100 T°Q + ABS 909 6° 
iz it T il puv 0 ‘jog 0 0 0 eas 0) e/s0l 6 (0, 610] d4bd 0 Ke) olka Neier olion one) pGe) ened eielbi(6/leecexele UO ATS IL} ‘20 
<x I i T pue 0 ‘oq 0 0 0 ee SOTO AT ATT}. 00-60) tat [eo 0) a: 
Ny z z z I T Puzo a | OO fc aroépatag -00 T'O + 9788 *09 6° 
7 Z pue I oq Z I pure o ‘jog 0 0 Fi Vlad snot tee ee cae ocr LO Cor uo 4[31p “99 
P epueltyq)] c | 1 pueg yog 0 TSEC ER AO alae Saar ae UIDATSIP “09 G0 + 4IBS “09 ¢° 
N z pue I ‘qoq zZ if I I pue 0 “qoq 0 akeWvev el pitelbe,\e) Bier sie) we oseneliefeve uo, ASIp "990 T0 4h 4 Bs “99 6 
Qa Z pues T ‘qoq T T T T pue 0 ‘qoq 0 Capit tet ONO Re EI TO. ODAC CM ck Clacha 90) OMCMCAECAT [[OI00ATS i 9) 
| z z Zz I I pus 0 yoq 0 WAU re) eof eho, 8) e)iej.s \ele) vnel site) vue [JoI004]3 ‘90 c'0 | 4[es 00 Cc 
cs ¢ pu Zz “qoq be Z [ I pus 0 yod 0 4: 68) 0) e)leli/e): eile, 0) e696) .8,s0'0, =| oe ]JOo004]3 ‘90 10 + yes ‘90 6° 
A ¢ puez-joq | Zz z I Lpuvg‘gog | QO [occ ee yes 00 

sINoy ST sinoy $Z SInoy gy sinoy $7 SInoy 8T sanoy £Z 
roqye Joqje 


[UGHLYOT GNV LIdH#VU AO SATOSOdUOOD 
adu JO NOISNAdsO8 JO doud | GNV NONGAVUAOD 
dO NOILOIO8 INGO dd F AO ‘00 [’'Q SNIVINOO AGOL I8AaL HOVE 


sIsA[OUNOY Jo AzISUOWUT Joqye sisA[OUloy Jo AzISUOJUT 


Se 


sisA[OWloY Jo A}ISUOZUT 


wougs 
8, LIddVU CALVAILOVNI WOUdS §,LIGAVU JO ‘09 ['0 ANV WOUdS §,LIdaVU ON ANY 
XISQOIATUd AO ‘00 [9 GNY 


548 


6 juamiadxy 


HOOnroOoMOOnMOOoOnNOoCnMOOFTOONnOoOOoOnNOooOeF 


549 


ACTION OF AMDIOACIDS, PEPTIDS AND PROTEINS 


Dee ee eee ——— ae 


L Z pues 1 “oq a I G ()\ a eR Ob gsoumnq]Bojoid "09 [| 

f puv g “yoq|z put T 4oq F ji ¢ (() See Ee esoumnqyeojoid *09 GQ + IBS 00 ¢'0 
v @ pus T “eq v T I Satire emanate ssoumnq[eoyoid *99 [°Q + IBS 99 §'0 

1 0 5 I Z ee Ge UIURTe —*00 | 

G T G T e 0 Oat OND Or OO a il) OO OOO UIUBIB oa ¥9) G'0 + 4s "99 G0 

P T 5 Z z 0 ©) 0. © @) 9.0110) 60) e110 0 \e1e-ehere SuUS IEE ee) E 0 + 4[Bs "99 6'0 

Z T z iI I 0 OOo OO C0-O . “uroA[S[Aone] ‘90 T 

g Z pue T yg g I I Qe Slsees “mo kaEson9y 09 ¢°0 + 4188 (99 G'9 

g Z pus T “og g Z pus T “og I (Nese aaa as “aro syapon9| 09 T'0 + 4918S “99 6'0 

2 pus 9 “og 5 i} ° Or ZpueT qoq| ccc une, 00 T 
L ¢ pue “é 4yoq 9 Zz OL TI ©u8 \e50/ 10) B/.0me) © @. 0-6/6) ey. ener Grr une] **)5) c'O + 4[es a9) c’O 

c z pur [30g ; I c ee Ge ION] *09 "0 + IBS *09 60 

e pue Z eg I I pue 0 “3° IT pus 0 30g OI Qe See eee uvydoydAé14[ £0413 09 T 
a I IT put Q ‘Jeq|T pus 0 “Jog ¢ 0 “-uvydoyAdayqAoATS “00 GQ + ABS *99 GO 

9 Z pue T “yoq|z puv [ yoq T IT puv 0 49g (0 Same (Pace ce uvydoyAdaypAo4]S *909 T°0 + ABS 99 60 

I pur 0 79g I I pur 0 “39g 0 0 Qe ee ee em cares Seen u1oA[B1I} "99 T 
G pus T “Wg i! T pus 0 “eq 0 0 0 pets eee MO ATSII4 "09°99 + 98899 ¢°O 
¢ iT I I T pue 9 “40g 0 Raa oP eT OT a Tad 09 T'0 + 3188 "99. 6°0 

Z pus | 4oq I I pu 0 “40g 0 0 ee Rae 8 ECR URE WIOATSIp "99 | 
Sj I G pus T “Jog I 0 (ae Ea ene eine pete uloA[SIp ‘09 G0 + 48S “99 GO 

F 6 pus T “49 G G Pus T “JEM|T Pu® 0 }9d Oe ag lea eae UIDA[BIP “09 T°0 + FBS “99 60 

¢ I Z pues [ ‘yoq|z pus T yog 0 ee ee [109004 [3 "99 T 

te G pus T “49 6 G pues T “JOT Pus O “9 On eae ee oe eas [[O9004TS “09 GQ + FBS “99 G°0 

F VE pues 1k 4oq g 6 pue T “oq iL 0 iepiel (e\ el’eVe}ielia Vayiets) el ie\e ]JOo00ATs “00 L0 + 48s “990 60 

} Z pur [Jog 7 z pur T “oq I Q [errr tt eteeettst seen ese crete: WBS 00 | 

sinoy 61 sinoy ¢ sinoy 6] simoy ¢ smmoy 61 sinoy ¢ 
rye sisxowioy jo auwmevar | ye mastouog yo neuovey | sonwmwetomoN To MHC | aay gaa ao MoIonnanil £0 4O¥G | GRY RONEA 
MIP ae -VUG00 JO LNGO UAd F AO ‘00 [0 SNIVINOO TAAL LSAL HOVA 
MEANY EEC NCVER INS WOUdS S$, LIdAVU AO ‘00 ['0 GNV WOUGS § LIda#vVu ON ANV 


-NI AISQOOIAGUd JO 00 [0 GNV 


OL juawmisadzy 


EDGARD ZUNZ AND PAUL GYORGY 


550 


T pue ood | O OL 9 
T pue oa | 0 Or L 
T puv oa | O OT Z 
T 0 € pus Z 30 |T Pus 0 994 
opus lt yd | O | € 
G pus ‘qd | O 8 i] 
opus lt yw | O Or LZ 
opus yt ‘ya! O Or L 
T puv ood | O Or L 
€ puez ‘od | 0 Or 9 
G 0 Or 9 
SG 0 Or £ pus 9 “9 
G 0 Or 9 
c puet yds) 0 Or L 
cpus yt “yd! O OT ys 
o pue Ta] O g (6 
T 0 L P 
Tpueoyed | 0 or 9 
T pueg-y9a | 0 or 4] 
Tpuvo ya] 0 Or 9 
Tpue oad | 0 or L 
T pue 0a | O OT 9 
T puso od | 0 Or ZL 
T puso eq | 0 Or L 
Tpueo wd) 0 Or Z 
sSINOY §T sinoy f] sinoy gT sinoy fT 


Jojye 
sisA[OuleYy Jo AyIsuoyUy 


WOUGS 8, DI1d VANIND 
Q@LVAILOVNI AT 
-SOOIAGUd AO ‘09 ['9 UNV 


wougds 
§,5Id VANIOD AO °00 ['0 GNV 


JozJe sIsA[OUIeY Jo AzISUezUT 


I puv 0 oq 
I puv 0 jog 
I pur 0 ‘jog 
Z pur T og 
Z pur T yog 
Z pure T yg 
Zz pue T yog 
Z pur T “og 
T put 0 ‘jog 

¢ 

7 

g 

p 

g 
Zz pur T og 

7 

I 
T puv 0 jog 
T pus 0 “40g 
I pus 0 yog 
I pue 0 jog 

I 

I 
Z pus T yog 
T pue 0 “og 

sinoy gT 


G pus 


ocoocoocoonoooonmnoccooesese seco 


sinoy $I 


Joye sIsA[OUeY Jo AjIsuoyUT 


WOU §,9Id VANIND ON ANY 


1/0 ce) (>) 6) G0) B) O/m (0. 01,0) 18/6 18, 8) 6 . asoumnqy%oyoid 
oa tie esournqBojord *09 ¢'Q + 48S 
“+++ -gsoumnq[voyord *09 T° + 48S 
avai S aienekoreuuasik ce tiioes asouNq|voso}0Y 
“ss QsOUINq[BorayOY “99 GQ + 48S 


fo Ob OOO “eSOUIN][vOIO}OY 99) Jbs{0) + 4 [8S 


o)(euase © 14 0) oe) he fee era Neue sifayJela jelleue gals uUlUB]B 
660/618, 01a) 8, @ Orgies, ee UIUG[B "99 G . 0 + 4[es 
Omremo tm Oo Gana s ULUB]B ays) I . 0 + 4[ Bs 
IL) Ohare er Oc) Onc OwONy Ol Ol iCuce raed ulOnd]| 
ho OT O O60 Gat: OO06 UIONIT "90 c . 0 ++ 4[es 
viele 6 a) ole Bield lelele ulond| "90 I . 0 + 4[Bs 
A rates Old) Carron cman uvydoyd Ay, AoA]s 


ose upydoydésy[Ao473 *00 ¢°Q -+ 4188 
sores sapydoydésypAOATS *00 T°0 + 4188 


ce) eGe lease, let ole) 8) (ag Oiereereris [}o0004]3[Auoyd 


“rresssesTQ900A[B[AUOY “09 GQ + 4188 
sss ssssss TQ900ATS[AUaYd “09 T° + 4188 


See ine hace En eae uIOATSIp 
Sr Gh oncieO Deore uloA]SIp 00 GQ + 4[Bs 


Ono oad CrorUn uIDA] SIP “99 a0 + q[Bs 
NOLO OT Our etl OS Gschro thon [Joooo ATs 


ma oO OO. O [Joooo ATs 09 G0 + 4188 
ous) srelteyieheu sill [[o000A]3 ‘09 T'0 + 4188 
SHoODIN OD OU MOONe.D CoM OMomoUU mon 48s 


!uqHLUOd GNV LIdaVva AO SATOSAdHOD 


00 T 
09 6'0 
09 6'0 

‘00 T 
09 G0 
00 6'0 

SOON 
09 G0 
09 60 

“00 T 
00 G0 
20 6'0 

‘00 T 
09 G0 
20 6'0 

‘O00 T 
09 G0 
20 6'0 

-O.0N 
09 G'0) 
29 60 

‘00 T 
09 @°0) 
00 6'0 

00 T 


aau dO NOISNHd8OS AO dOUd [T GNV WONGTAVUAOD AO 
NOILOIOS INTO Uad F AO ‘09 [0 SNIVINOO AGOL ISXL HOVa 


[I juawmadxy 


ACTION OF AMIDOACIDS, PEPTIDS AND PROTEINS 551 


En l’absence de sérum, le venin de cobra est pour ainsi dire 
dénué de toute action de toute action hémolytique sur les globules 
rouges de lapin. On n’observe, en effet, dans les exp4riences 9 
& 11 que des traces d’hémolyse au bout de 18419 heures. L’addi- 
tion de sérum frais de lapin accélére notablement le phénoméne, 
qui devient plus intense au bout de 2} 4 3 heures dans ces cir- 
constances qu’l ne |’était au bout de 18 4 19 heures dans les 
tubes sans sérum. Mais, méme au bout le 18 4 19 heures, l’hémo- 
lyse n’est pas trés considérable dans ces conditions. Au con- 
traire, l’addition de sérum frais de cobaye améne une hémolyse 
compléte, dont le degré d’intensité est déja fort accentué aprés 
1 heure 2 seulement. 

Si l’on porte au préalable le s¢érum 4 56 degrés, cela ne modifie 
pas l’action du sérum de lapin (expérience 10) ou cela l’améliore 
méme quelque peu (expérience 9), tandis que cela enléve par 
contre toute efficacité au sérum de cobaye (expérience 11). 

La leucine exercé une action trés favorable sur l’hémolyse 
des globules de lapin par le venin de cobra, et cela d’autant 
plus que la quantité de cet acide aminé est plus grande. L’hémo- 
lyse peut méme devenir compléte en présence de 0.5 4 un centi- 
métre cube de leucine (expérience 10). La forte dose de gly- 
cyltryptophane permet parfois aussi (expérience 10) l’hémolyse 
compléte en l’absence de sérum. Ce peptide est néanmoins 
moins efficace que la leucine. - L’hémolyse survient d’habitude 
moins vite et est moins accentuée en présence de glycyltrypto- 
phane que de leucine. La faible dose de ce peptide présente 
méme parfois (expérience 10) une l¢gére action inhibitrice. Dans 
deux expériences (9 et 10) sur trois, la protoalbumose a favorisé 
Vhémolyse, et cela & ‘a dose moyenne et surtout 4 la forte dose, 
mais sans atteindre l’efficacité de la leucine. Tel a aussi été 
le cas du phénylglycocolle dans l’expérience 11. L’alanine a 
accentué quelque peu, parfois 4 toutes les doses (expérience 10), 
parfois seulement aux doses moyenne et forte (expérience 11), 
la faible hémolyse due au venin de cobra non additionné de 
sérum. On a observé la méme chose en présence de glycocolle 
dans l’expérience 11, et cela surtout lorsqu’on a employé la 
faible dose de cet acide aminé. Dans l’expérience 11, le glyco- 


552 EDGARD ZUNZ AND PAUL GYORGY 


colle n’a exercé aucun effet sur l’hémolyse des globules de lapin 
par le venin de cobra. Dans l’expérience 10, la forte dose de 
cet acide aminé a empéché l’hémolyse. La diglycine n’a pas 
agi sur l’hémolyse ou bien a empéché, 4 forte dose, ce phénoméne. 
La triglycine l’a empéché aux doses moyenne et forte. La 
leucylglycine n’a aucunement modifié la faible hémolyse pro- 
voquée par le venin. L’hétéroalbumose a trés légérement favor- 
isé ’hémolyse dans l’expérience 11; elle a au contraire empéché 
ce phénoméne, aux doses faible et moyenne, dans l’expérience 11, 
ot l’on a employé une solution d’hétéroalbumose, dont la neutra- 
lisation n’a malheureusement pas été parfaite. 

En présence de s¢rum frais de lapin, l’action de la leucine, 
et surtout de la forte dose de cet acide aminé, est restée trés 
nette sur l’hémolyse, tout en étant plutdt moins accentuée que 
dans les tubes analogues ne renfermant pas ce sérum. Dans 
Vexpérience 11, l’addition d’un centimétre cube d’hétéroal- 
bumose et de 0.1 centimétre cube de sérum frais de lapin a 
amené une hémolyse rapide et compléte. On a observé une 
trés légére action favorable de 0.5 4 un centimétre cube de cet 
acide aminé dans l’expérience 10. Par contre, en présence de 
sérum frais de lapin, le glycyltryptophane n’a plus exercé que 
des effets inhibiteurs et l’on n’a plus constaté la moindre action 
favorable de la protoalbumose. Dans l’ensemble, le sérum de 
lapin a accentué les effets inhibiteurs des dérivés de désintégration 
des protéines et a atténué ou fait disparaitre leurs effets favor- 
ables sur l’hémolyse des globules de lapin par le venin de cobra. 

Portons le sérum de lapin pendant 30 minutes 4 56 degrés. 
Cela ne modifie guére son action associée a celle de l’un ou l’autre 
des dérivés étudiés des protéines. On observe des effets favor- 
ables de 0.1 centimétre cube de glycyltryptophane et de 0.1 4 
un centimétre cube de leucine dans les expériences 9 et 10. La 
forte dose de protoalbumose a agi dans ce sens dans |’expér- 
ience 10, mais pas dans l’expérience 9. La forte dose d’hétéroal- 
bumose a accéléré considérablement, en présence de sérum 
frais de lapin, l’hémolyse et a accéléré l’intensité de ce phénomeéne. 
L’alanine a accru l’intensité de ’hémolyse dans l’expérience 9 
aux trois doses expérimentées, et seulement 4 la dose moyenne 
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dans l’expérience 10. Dans cette derniére expérience, la forte 
dose d’alanine a exercé un effet inhibiteur net en présence de 
sérum chauffé de lapin. Les effets inhibiteurs du glycocolle, 
de la diglycine et surtout de la triglycine persistent en présence 
du sérum inactivé du lapin. La leucylglycine est restée, sans 
action nette, comme en l’absence de sérum. 

L’hémolyse ayant été, dans l’expérience 11, compléte au bout 
de 18 heures en présence de sérum frais de cobaye, nous n’avons 
naturellement pu mettre an évidence que les effets inhibiteurs 
de laddition des dérivés des protéines. L’hétéroalbumose et 
& un moindre degré le phénylglycocolle ont retardé la marche 
du processus hémolytique et en ont diminué Vintensité, et cela 
d’autant plus que la dose de protéose ou d’acide aminé a été 
plus considérable. On a observé un léger retard de I’hémolyse 
dans les tubes renfermant, en méme temps que 0.1 centimétre cube 
de sérum frais de cobaye, soit un centimétre cube de glycocolle, 
soit 0.5 & un centimétre cube de diglycine, soit un centimétre 
cube de glycyltryptophane, soit 0.1 4 un centimétre cube de 
leucine, soit un centimétre cube de protoalbumose. 

En présence de sérum inactivé de cobaye, la trés faible hémo- 
lyse, observée aprés 18 heures dans le tube témoin (expérience 11) 
est légérement accrue en intensité dans les tubes contenant 
soit 0.5 A un centimétre cube de phénylglycocolle, soit 0.1 4 un 
centimétre cube de glycyltryptophane, soit 0.1 4 un centimé- 
tre cube de leucine, soit 0.5 4 un centimétre cube d’alanine, soit 
0.1 4 un centimétre cube d’hétéroalbumose. Pour de phényl- 
glycocolle, la glycyltryptophane et la leucine, la dose la plus 
forte est la plus active ces produits se rangeant ainsi par ordre 
croissant d’action favorable. Pour l’hétéroalbumose, la forte 
dose est au contraire moins efficace que les deus autres. Les 
doses moyenne et forte d’alanine ont le méme degré, trés faible 
du reste, d’efficacité. 


Experiments with red corpuscles of sheep 


Nous n’avons fait que deux expériences avec les hématies de 
mouton. 
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En l’absence de sérum ou en présence de sérum de cobaye 
chauffé au préalable & 56 degrés, on n’observe pas d’hemolyse 
des globules rouges de mouton par le venin de cobra. En prés- 
ence de sérum frais de cobaye, l’hémolyse a eu lieu trés vite et 
a été compléte dans l’expérience 12; elle a été d’intensité trés 
faib e dans l’expérience 13. 

On a constaté, dans l’expérience 12, en l’absence de sérum, 
au bout de 20 heures, des traces d’hémolyse dans les tubes ren- 
fermant soit 0.1 4 0.5 centimétre cube de glycyltryptophane, 
soit un centimétre cube de leucylglycine, soit 0.5 & un centi- 
métre cube d’alanine, soit 0.1 & un centimétre cube d’hétéroal- 
bumose, soit 0.1 centimétre cube de protoalbumose. L/’intensité 
du processus a atteint 10% de l’hémolyse totale en présence de 
0.1 4 0.5 centimétre cube de leucylglycine ou de 0.1 centimétre 
cube de leucine, 10 4 20% en présence de 0.5 & un centimétre 
cube de leucine, 20% en présence d’un centimétre cube de 
phénylglycocolle, ce qui a été le maximum. Aucune hémolyse 
n’a été décelée dans les tubes contenant soit du glycocolle, soit 
de la diglycine, soit de la triglycine, soit 0.1 4 0.5 centimétre 
cube de phénylglycocolle, soit un centimétre cube de glycyltryp- 
tophane, soit 0.1 centimétre cube d’alanine, soit 0.5 a un centi- 
métre cube de protoalbumose. 

Dans cette méme expérience, la présence de sérum inactivé 
n’a permis l’hémolyse que dans le tube renfermant un centi- 
métre cube de phénylglycocolle et l’intensité du processus a 
été exactement la méme que dans le tube analogue ne renfermant 
pas de sérum. 

Dans l’expérience 13, on n’a pas constaté d’hémolyse méme 
aprés 18 heures, tant en l’absence de sérum qu’en pr¢sence de 
sérum inactivé de cobaye, qualles qu’aient été la quantité et 
la nature de la protéose (protoalbumose, hétéroalbumose) du 
peptide (diglycine, glycyltryptophane, leucylglycine) ou de 
Vacide aminé (glycocolle, phénylglycocolle, leucine, alanine) 
ajouté au mélange d’hématies de mouton et de venin de cobra. 

Voyons maintenant ce qui a lieu en présence de sérum frais 
de cobaye. Les choses ne se sont pas passées de fagon tout a 
fait identique dans les expériences 12 et 13. Ceci tient assure- 
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ment & la grande différence dans l’intensité de ’hémolyse con- 
statée entre les tubes témoins renfermant le sérum frais de co- 
baye, les hématies de mouton et le venin de cobra dans ces deux 
expériences. 

Dans l’expérience 12, ’hémolyse a été quelque peu accélérée 
par l’addition soit de 0.1 centimétre cube de glycocolle, soit de 
0.1 centimétre cube de triglycine, soit de 0.1 centimétre cube de 
glycyltryptophane, soit de 0.1 4 0.5 centimétre cube de leucine, 
soit de 0.1 4 un centimétre cube d’alanine, soit de 0.1 centi- 
métre cube de protoalbumose. Elle a été légérement retardée 
dans les tubes renfermant soit un centimétre cube de glycocolle, 
soit 0.5 & un centimétre cube glycyltryptophane, soit un centi- 
métre cubee de leucine, soit un centimétre cube de protoalbumose. 
Le retard du processus hémolytique a été plus accentué en prés- 
ence de 0.5 4 un centimétre cube detriglycine. L’hémolyse a 
été d’autant plus retardée que la quantité du produit ajouté a 
été plus considérable dans les tubes renfermant soit 0.1 4 un 
centimétre cube de phénylglycocolle, soit 0.1 4 un centimétre 
cube de d’hétéroalbumose, soit 0.5 4 un centimétre cube de 
leucylglycine. L’hémolyse ayant été compléte dans le tube 
témoin, nous n’avons pu déceler, dans cette expérience, que la 
diminution d’intensité du phénoméne sous l’influence de I|’addi- 
tion soit de 0.5 4 un centimétre cube de phénylglycocolle, soit 
de 0.1 4 un centimétre cube d’hétéroalbumose, soit, bien qu’& 
un faible degré seulement, de 0.5 4 un centimétre cube de pro- 
toalbumose. Dans ces trois cas, la dose la plus forte de l’acide 
aminé ou de la protéose a eu leffet le plus défavorable sur 
Vhémolyse. 

Dans l’expérience 13, le glycocolle, la diglycine et surtout la 
leucine ont accéléré l’hémolyse et en ont accru l’intensité, en 
présence de sérum frais de cobaye, de facon d’autant plus forte 
que la quantité d’acide aminé ou de peptide a été plus considér- 
able. Les trois doses de protoalbumose, la dose moyenne et 
surtout la forte dose de glycyltryptophane, les doses faibles 
et moyenne de leucylglycine, la forte dose d’alanine ont aussi 
accéléré Vhémolyse et augmenté son intensité. La forte dose 
de leucylglycine a par contre retardé le processus hémolytique, 
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tout en accroissant quelque peu son intensité. La dose moyenne 
de phénylglycocolle a diminué l’intensité de l’hémolyse et la 
forte dose de cet acide aminé a empéché ce phénoméne, méme 
aprés 18 heures. Les doses faible et moyenne d’hétéroalbumose 
ont retardé le processus hémolytique et en ont notablement 
diminué l’intensité; la forte dose de cette protéose a empéché 
Vhémolyse. 


Experiments with red corpuscles of calf 


Nous avons effectué quatre expériences avec les hématies 
de veau. 

Tant en l’absence de sérum qu’en présence de sérum inactivé 
de cobaye, il ne se produit jamais d’hémolyse des globules rouges 


Experiment 13 


EACH TEST TUBE CONTAINS 0.1 cc. oF 4 PER CENT SOLU- 
TION OF COBRAVENOM, 0.1 CC. OF GUINEA PIG’S 
SERUM, 1 DROP OF SUSPENSION OF RED 


INTENSITY OF HEMOLYSIS AFTER 


CORPUSCLES OF SHEEP, AND FURTHER 23 hours 18 hours 
HMC CMS GOR th NRE cer ci) ea cicia sider aaketiels Between 0 and 1 2 
0.9 cc. salt + 0.1 ce. glycocoll........... 1 Between 2 and 3 
0.5 ce. salt + 0.5 ce. glycocoll........... 2 3 
Nee UY COCOM NS or ease ee 3 oes soe cea 2 4 
Oso cessalt -- 0. ce dighycin:..05.. 25... Between 2 and 3 4 
Ov5:ce. salt + 0.5 ce. diglycin............ Between 3 and 4 6 
DCO Ao rid SD ees si a Sra ae oie 4 6 
0.9 cc. salt + 0.1 ec. phenylglycocoll.....| Between 1 and 2 | Between 3 and 4 
0.5 cc. salt + 0.5 cc. phenylglycocoll.....| Between 0 and 1 1 
iecw  puenylelycocolln: scaek as. hee - 0 0 
0.9 ec. salt + 0.1 ce. glycyltryptophan...| Between 0 and 1 2 
0.5 cc. salt + 0.5 cc. glycyltryptophan...| Between 1 and 2 3 
iices ~glyeyliryptophan.:..:.......~-2)..-- 2 4 
029 cc. salt -- 0.1 cer leucin.......5 6.5.5... 1 Between 2 and 3 
Gea censalt -— 01a cCu leweins. oi/.15 2 sie Between 1 and 2 5 
MOC COPE LOUGH crstatec'= Seeker susie et silo odie ecsieks 2 a 
0.9 cc. salt + 0.1 cc. leucylglycin........ Between 1 and 2 4 
0.5 ce. salt + 0.5 cc. leycylglycin........ 0 4 
deccemlcucylglyein.-. ccs. so. cla sas sa - 0 Between 2 and 3 
0.9 ce. salt + 0.1 cc. alanin..............| Between 0 and 1 2 
Ora ec, salt 0:5 cc. alanis. .i5. <0... Between 0 and 1 2 
il We, 6) Hen RRe eee Boas acon samme Between 1 and 2 3 
0.9 cc. salt + 0.1 cc. heteroalbumose..... 0 Between 0 and 1 
0.5 cc. salt + 0.5 cc. heteroalbumose..... 0 Between 0 and 1 
incom heteroalbumoOse: amass. as a « 0 0 
0.9 ce. salt + 0.1 ce. protoalbumose...... 2 3 
0.5 ec. salt + 0.5 ce. protoalbumose...... 2 3 
Wee  PLOLOAIDUIMOSCl. cee itsr Ssiale'a'a tea - 1 3 


7 SDS Se ie 8 ee ee 
No hemolysis in the several test tubes without guinea pig’s serum, 0.1 ec. of 
previously inactivated guinea pig’s serum. 
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de boeuf par le venin de cobra. Au contraire, en présence de 
sérum frais de cobaye, l’hémolyse est déja nette au bout de deux 
heures; elle est trés considérable et méme compléte aprés 18 
a 20 heures. 

L’addition de l’un ou l’autre dérive des protéines n’a pas 
amené la moindre hémolyse, en l’absence de sérum, dans trois 
expériences (15, 16 et 17) sur quatre. Dans l’expérience 14, 
on a, par contre, observé, dans ces conditions, des traces d’hémo- 
lyse, aprés 18 heures dans les tubes renfermant soit 0.1 4 0.5 
centimétre cube de glycocolle, soit 0.1 4 un centimétre cube de 
leucine, d’alanine, de glycyltryptophane ou d’hétéroalbumose. 

En présence de sérum inactivé, on n’a jamais constaté d’hémo- 
lyse, quel qu’ait été le peptide, la protéose ou l’acide aminé 
ajouté. 

Les divers dérivés des protéines n’ont exercé d’effets d’favor- 
ables sur l’hémolyse, en présence de sérum frais de cobaye, 
que dans l’expérience 16. Le glycocolle a accru J’intensité 
de ’hémolyse, surtoit 4 la dose forte, bien qu’il ait retardé, 
aux doses moyennne et forte le début du phénoméne. Les 
doses faible et moyenne de diglycine ont rendu l’hémolyse 
compléte, tandis que la forte dose n’a pas modifié l’intensité 
de ce phénoméne, bien que les trois doses de ce peptide aient 
retardé le processus hémolytique. Les trois doses de trigly- 
cine ont accéléré de fagon notable l’hémolyse et ont permis 
son achévement entre 2 et 19 heures. La leucine et le gly- 
cyltryptophane ont accéléré, A la faible dose, l’hémolyse et l’ont 
rendue complete 4 toutes les doses. L’alanine a accru, surtout 
& la forte dose, l’intensité de l’hémolyse. Les doses faible et 
moyenne d’hétéroalbumose ont accéléré le processus hémolytique, 
mais l’intensité du phénoméne n’a pas été modifiée par rapport 
au tube témoin lorsqu’on a employé la faible dose de cette pro- 
téose et a diminué sous l’influence de la dose moyenne. II ne 
s’est pas produit d’hémolyse dans le tube renfermant la forte 
dose d’hétéroalbumose. Quant 4 la protoalbumose, elle s’est 
bornée, dans cette expérience, 4 retarder, aux doses moyenne et 
forte, le processus hémolytique sans en influencer l’intensité. 

Dans les trois autres expériences, on n’a pu mettre en évidence, 
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en présence de sérum, frais de cobaye, que des retards de l’hémo- 
lyse et des diminutions plus ou moins accentuées de I|’intensité 
de ce phénoméne sous l’influence des protéoses, des peptides 
et des acides aminés étudiés. Cette action inhibitrice a été la 
plus accentuée pour l’hétéroalbumose qui est méme parvenue 4 
empécher l’hémolyse, aux doses moyenne et forte dans l’expéri- 
ence 14, et 4 la forte dose dans l’expérience 17. Le phényl- 
glycocolle a exercé des effets inhibiteurs trés notables, tant sur 
la marche que sur |’intensité de l’hémolyse, et cela d’autant plus 
fort qu’on a employé une dose plus considérable de cet acode 
aminé. Le glycocolle s’est borné 4 retarder le début de ’hémo- 
lyse dans les expériences 14 et 15 et n’a modifié en aucune fagon 
le pouvoir hémolytique dans l’expérience 17. La diglycine a 
retardé davantage l’hémolyse que le glycocolle. Elle a exercé 
cette action 4 toutes les doses dans les expériences 14 et 15 a 
la dose moyenne et curtout 4 la forte dose dans l’expérience 17. 
Dans ces trois expériences, la forte dose de diglycine a diminué 
Vintensité de ’hémolyse, I] en a été de méme, bien qu’é un 
moindre degré, de la dose moyenne dans les expériences 14 et 17. 
La triglycine a retardé davantage l’hémolyse et en a diminué 
dans une plus forte proportion l’intensité que la diglycine; la 
forte dose de chacun de ces deux peptides a eu l’effet nocif le 
plus caractérisé. La forte dose de leucine, et parfois aussi les 
autres doses de cet acide aminé, ont retardé le processus hémoly- 
tique. La forte dose de leucine a, en outre, diminué |’intensité 
de l’hémolyse dans les expériences 14 to 17. L’alanine a re- 
tardé ’hémolyse 4 toutes les doses dans |’expérience 15 et seule- 
ment 4 la forte dose dans l’expérience 17, sans agir sur l’intensité 
de ce phénoméne. Elle n’a montré aucune action dans l’expéri- 
ence 14. La forte dose de glycyltryptophane a diminué l’inten- 
sité de ’hémolyse dans les trois expériences 14, 15 et 17. Ce 
peptide, a, en outre, amené un retard dans la marche du phéno- 
méne, 4 toutes les doses, mais surtout 4 la forte dose, dans les 
expérience 15 et 17. La protoalbumose n’a rien modifié au 
processus hémolytique dans les expériences 14 et 17; elle en a 
retardé la marche & toutes les doses dans l’expérience 15. 
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Experiments with red corpuscles of ox 

Il nous reste 4 parler des deux expériences 18 et 19 effectuées 
avec des hématies de boeuf. 

Tant en l’absence de sérum qu’en présence de sérum de cobaye, 
chauffé au préalable 4 56 degrés, les hématies de boeuf n’ont 
pas subi d’hémolyse par le venin de cobra. En présence de 
sérum frais de cobaye, l’hémolyse est déja trés nette au bout 
d’une heure et demie; elle est trés considérable ou méme com- 
pléte au bout de 18 heures. 

Aucun des dérivés des protéines examiné n’est parvenu 4 
amener de l’hémolyse, en l’absence de sérum, dans |’expérience 
19. Il en a été de méme du glycocolle, de la diglycine, du 
phénylglycocolle, du glycyltryptophane et de la protoalbumose 
dans l’expérience 18. On a constaté des traces d’hémolyse dans 
cette derniére expérience sous l’influence de 0.5 un centimétre 


Experiment 19 


EACH TEST TUBE CONTAINS 0.1 cc. oF 4 PER CENT SOLU- INTENSITY OF HEMOLYSIS AFTER 
TION OF COBRAVENOM, 0.1 cc. OF GUINEA PIG’S 
SERUM, 1 DROP OF SUSPENSION OF RED 


CORPUSCLES OF OX, AND FURTHER 1} HOURS 18 hours 
ib’ GPa. 6 ACP Se eee oorcaee ey oe era ee 2 10 
0.9 ce. salt + 0.1 cc. glycocoll........... 2 10 
0.5 ce. salt + 0.5 ec. glycocoll........... 1 Between 8 and 9 
CCH oly COCO as Panter Sete ae casceitsis 3 1 8 
O2Gices salti—— Onlice. diglycim-...-. 2.252. 2 Between 9 and 10 
0.5 cc. salt + 0.5 cc. diglycin............ Between 0 and 1 8 
1-605,” SGN Gils on dae eae are ee eine 0 6 
0.9 ce. salt + 0.1 ce. phenylglycocoll.....| Between 2 and 3 9 
0.5 ce. salt + 0.5 ec. phenylglycocoll.....| Between 1 and 2 6 
wees. phenylelycocollis, ...2..: x.:5 deen Between 0 and 1 3 
0.9 cc. salt + 0.1 cc. glycyltryptophan...| Between 0 and 1 |Between 9 and 10 
0.5 ec. salt + 0.5 ec. glycyltryptophan...| Between 0 and 1 9 
ince: elycyltryptophan.. ....... 4.02502. 0 9 
O29%ce: salt: -- 0.1 ec. Jeucin....... 6 ...... 2 Between 9 and 10 
Orsicen salti—- 0.5 ec: leucin:.: 3. sae... 4. Between 0 and 1 9 
PCC UNM) CUCIM Ge Pie oh Oye cist he Gtiiaun ntins 0 8 
Oforcexsalt:-— 0.1 cexalanines-+......... - 2 10 
Oforeessalte--10)5) ec. alanine Go. 20... .. 2 10 
il GOs EN STA pee tee vei ae See Between 1 and 2 10 
0.9 ce. salt + 0.1 ce. heteroalbumose..... 0 4 
0.5 ec. salt + 0.5 cc. heteroalbumose..... 0 2 
lec. heteroalbumose............ eee 0 Between 0 and 1 
0.9 ec. salt + 0.1 ec. protoalbumose...... 2 
0.5 cc. salt + 0.5 cc. protoalbumose...... 2 10 
ike pLrotoalbumosehress eee see 2 10 


hemolysis in the several test tubes without guinea pig’s serum or with 
. of previously inactivated guinea pig’s serum. 
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cube d’hétéroalbumose. L’hémolyse a atteint environ 10% de 
Vhémolyse totale dans cette méme expérience dans les tubes 
renfermant 0.5 4 un centimétre cube d’alanine ou de leucine. 

En présence de sérum inactivé, il ne s’est jamais produit 
d’hémolyse, quel qu’ait été la protéose, le peptide ou l’acide 
aminé ajouté. 

A part une insignifiante accélération du processus hémolytique 
par la faible dose de leucine et par les trois doses de protoal- 
bumose dans l’expérience 18 et par la faible dose de phényl- 
glycocolle dans l’expérience 19 ainsi qu’une trés légére augmen- 
tation de l’intensité de V’hémolyse par la protoalbumose dans 
l’expérience 18, on n’a point décelé d’effets favorables de l’addi- 
tion de l’un ou l’autre dérivé des protéines sur l’hémolyse des 
hématies de boeuf par le venin de cobra additionné de sérum 
frais de cobaye. La protoalbumose n’a exercé aucun effet sur 
Vhémolyse dans l’expérience 19. Lalanine n’a pas empéché 
Vhémolyse d’étre compléte au bout de 18 heures dans cette 
expérience, et il en a aussi été ainsi de 0.1 centimétre cube de 
glycocolle. L’addition de 0.1 centimétre cube d’alanine ou de 
glycocolle n’a pas modifié intensité’ de l’hémolyse dans |’expéri- 
ence 18. Par contre, l’addition soit de 0.5 4 un centimétre cube 
de glycocolle, soit de 0.1 4 un centimétre cube de diglycine, de 
glycyltrophane, d’hétéroalbumose, de phénylglycocolle ou de leu- 
cine a amené, dans les expériences 18 et 19, une diminution 
dans l’intensité de l’hémolyse, d’autant plus considérable que 
la dose du dérivé protéique employé a été plus grande. En 
outre, dans l’expérience 18, 0.5 & un centimétre cube d’alanine 
a fait légréement diminuer l’intensité de ’hémolyse. La forte 
dose d’hétéroalbumose a empéché l’hémolyse dans l’expérience 
18 et n’a permis qu’une trés faible et traradive hémolyse dans l’ex- 
périence 19. Le processus hémolytique été retardé dans presque 
tous ces cas, et cela en général le plus par la forte dose du pro- 
duit considéré. Les effets inhibiteurs sont surtout marqués pour 
lhétéroalbumose, puis viennent par ordre décroissant d’action 
nocive le phéylglycocolle, la diglycine, la leucine, le glycocolle, 
le glycyltryptophane et l’alanine. 

Dans l’ensemble, l’action des ac des aminés, des peptides et 
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des protéoses sur l’hémolyse des globules rouge de boeuf par le 
venin de cobra ressemble beaucoup 4 celle exercée par ces mémes 
produits sur l’hémolyse des globules rouges de veau, mais les 
effets inhibiteurs sont encore plus considérables vis-d-vis des 
hématies de boeuf que de celles de veau. 


GENERAL CONSIDERATIONS 


Le nombre d’expériences effectué avec les hématies des diverses 
espéces animales envisagées est trop peu considérable pour qu’on 
soit autorisé A tirer de nos expériences autre chose que des indi- 
cations en vue de recherches futures. C’est pour cela qu’al 
nous parait prématuré d’insister sur les diverses considérations 
qu’on pourrait aisément développer 4 propos de l’action des 
acides aminés, des peptides et des protéoses dans l’hémolyse. 
Nous aurons sans doute lieu d’y revenir 4 l’occasion de travaux 
altérieurs. Il nous parait cependant utile d’appeler dés 4 
présent l’attention sur la possibilité de l’intervention des acides 
aminés, toujours présents dans le sang, dans les diverses ré- 
actions biologiques dans lesquelles l’hémolyse intervient. 

On sait que la teneur du sang en acides aminés s’accroit aprés 
une saignée abondante et 4 un degré bien plus grand pendant le 
digestion d’un repas trés riche en protéines. Quatre heures 
aprés l’ingestion de viande crus de boeuf, la teneur de sang 
carotidien en azote aminé est devenue plus du double du chiffre 
4 état de jetine (6). La teneur du sang en acides aminés 
varie aussi, chez l’homme, dans divers états pathologiques. C’est 
ainsi qu’on a constaté de l’hyperaminoacidémie pendant la 
cirrhose atrophique du foie accompagnée: d’ictére et pendant 
les anémies posthémorragiques (7). 

Or, dans nos recherches in vitro, le plus ou moins grand degré 
d’intensité des effets favorables ou défavorables de certains 
dérivés des protéines sur l’hémolyse dépend souvent de la teneur 
du mélange en l’acide aminé, le peptide ou la protéose ajouté a 
la suspension de globules rouges additionée de venin de cobra. 
Il pourrait bien en étre de méme in vivo. Dés lors, des modi- 
fications de la teneur du sang en certains acides aminés ou en 
d’autres composés, formés lors du scindage des protéines, Jouent 
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peut-étre un réle dans la réaction de Wassermann, dans le ré- 
action d’activation du venin de cobra par le strum de sujets 
atteints d’affections rénales (8) et dans d’autres réactions bio- 
logiques utilisées en clinique. 

Il y a, par conséquent, fertes int¢rét 4 poursuivre les investi- 
gations sur l’action des divers dérivés du scindage des protéines 
sur différents processus hémolytiques. 

Nous résumons ci-dessous les données principales, qui parais- 
sent ressortir de nos expériences et dont la vérification par le 
plus nombreuses recherches, s’impose. 


SUMMARY 


1. The effects of the amino-acids, peptids and proteoses upon 
the cobra venom hemolysis vary according to the species of blood 
corpuscles used. They depend also upon the amount of the 
respective compound present in the blood-venom mixture. 

2. The hemolytic action of cobra venom on the red cells of 
guinea pig’s blood is markedly hastened and increased in inten- 
sity by phenylglycocoll, leucin, glycyltryptophan, and protoal- 
bumose. The hemolysis is produced more quickly in the pres- 
ence of large quantities than it is with small amounts of phenyl- 
glycocoll and leucin. Heteroalbumose tends slightly to increase 
the intensity of the hemolysis; alanin, on the contrary, diminishes 
it a little. Glycocoll and particularly diglycin, triglycin and 
leucylglycin inhibit the hemolysis in direct proportion to their 
concentration. 

In the presence of 0.1 cc. of fresh guinea pig’s serum the 
accelerating action of protoalbumose and of glycyltryptophan 
and the inhibiting action of the strong concentrations of digly- 
cin, of triglycin and of leucylglycin is hardly greater than that 
of the weaker concentrations. Heteroalbumose shows marked 
effects. 

The presence of inactive serum exercises a protective action 
upon the blood corpuscles. It does not interfere with the ac- 
celeration of the hemolysis by phenylglycocoll, but it does 
diminish the adjuvant effects of glycyltryptophan and leucin 
and it almost completely annihilates those of protoalbumose. 
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It weakens considerably the marked effects of diglycin. Glyco- 
coll and heteroalbumose appear no longer to exercise any in- 
influence on the hemolysis. 

3. The influence of the amino acids, peptids and proteoses 
upon human blood presents much resemblance to that exercised 
by these same products upon the blood of the guinea pig. In 
every instance the weak doses of glycocoll accelerate very slightly 
the hemolysis of the human red corpuscles. Heteroalbumose 
often exercises an unfavorable effect on the hemolysis in the 
absence of serum. Glycyltryptophan has, according to the dose, 
sometimes a slightly favorable action, sometimes a slightly un- 
favorable one. Tetraglycin and pentaglycin hinder the hem- 
olysis as does diglycin and triglycin. 

4. Phenylglycocoll and leucin favor the hemolysis of dog’s 
blood by cobra venom in the absence of serum as well as in the 
presence of inactivated guinea pig’s serum. The accelerating 
action of leucin persists in the presence of fresh guinea pig’s 
serum while phenylglycocoll on the contrary retards the hemolysis 
under these circumstances. The influence exerted by glycyl- 
tryptophan is unfavorable in the absence of serum, variable in 
the presence of fresh guinea pig’s serum and favorable in the 
presence of inactivated serum. Alanin and glycocoll have not 
a very marked action upon the hemolysis. In the absence of 
serum, the influence of diglycin, triglycin, leucylglycin, protoal- 
bumose, and heteroalbumose is unfavorable to the hemolysis 
The same is true of the action of diglycin, triglycin, and heteroal- 
bumose in the presence of fresh or inactivated guinea pig’s serum. 
In the presence of fresh guinea pig’s serum variable effects are 
produced by leucylglycin and protoalbumose according to the 
dose and according to the suspension of the dog’s blood. Leucyl- 
glycin favors the hemolysis in the presence of inactivated serum 
while protoalbumose exerts a variable influence upon that phe- 
nomenon under this condition. 

5. The cobra venom hemolysis of rabbit’s red corpuscles 
without the addition of serum is not marked excepting in the 
presence of leucin and sometimes also of glycyltryptophan, 
and of protoalbumose, the strongest dose of the preparation 
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examined being always the most effective. The addition of 
fresh guinea pig’s serum elicits a very considerable inhibitory 
action on the part of heteroalbumose and phenylglycocoll. The 
protective action of the inactivated guinea pig’s serum is very 
intense and greatly diminishes the favorable action of leucin 
and of glyeyltryptophan. The addition of fresh rabbit’s serum 
diminishes the favorable effect of leucin and extinguishes com- 
pletely that of glycyltryptophan and of protoalbumose; it 
accentuates the inhibiting influence of the large doses of diglycin, 
triglycin and leucylglycin. Inactivated rabbit’s serum hardly 
modifies the effects of the different amino acids, peptids and 
proteoses upon the cobra venom hemolysis of the red corpuscles 
of this animal species. 

6. In the absence of fresh guinea-pig’s serum, cobra venom, 
when combined with appropriate quantities of certain protein 
derivatives, produces only rarely, a very slight and slow hemolysis 
of the red corpuscles of the sheep, the calf and the ox. In the 
presence of inactivated guinea pig’s serum hemolysis of the red 
corpuscles of the calf and the ox is never observed. ‘The same 
is true also for the blood of the sheep excepting for one instance 
where the addition of one cubic centimeter of phenylglycocoll 
has caused the same degree of hemolysis as without the serum. 

7. In the presence of fresh guinea pig’s serum the influence 
of the same protein derivative upon the venom hemolysis of 
sheep’s red corpuscles varies very greatly according to the amount 
of the substance used and upon the experiment. Glycocoll, 
diglycin, triglycin and leucylglycin exercise some times a favor- 
able éffect, phenylglycocoll, on the contrary, acting unfavorably. 
Heteroalbumose possesses a strong inhibiting action. 

8. In the presence of fresh guinea pig’s serum, the different 
protein derivatives are found only exceptionally to exert an 
accelerating effect, which, moreover is not marked, upon the 
cobra venom hemolysis of the red corpuscles of the ox and the 
calf. On the other hand, a strongly inhibiting action is exerted 
by phenylglycocoll and heteroalbumose and a similar though 
less marked action is exercised by the larger amounts of diglycin, 
triglycin and leucylglycin. Triglycin, nevertheless, accelerates 
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sometimes the hemolysis of the red corpuscles of the calf. The 
large doses of glycocoll, glycyltryptophan, leucin and alanin 
have a slightly unfavorable action upon the hemolysis of ox 
blood; such is also sometimes the case with leucin toward the 
blood of the calf. 


REFERENCES 


(1) E. Zunz and P. Gyérey: Compt. rend. Soc. de Biol., 1914; 76, 430-431; Arch. 
int. de Physiol., 1914, 14, 312-343 and 383-427; 1914, 15, 78-84. 

(2) P. Nour: Bull. de la Cl. des Sciences de 1’Acad. roy. de Belgique, 1908, pp. 
148-772; 19138, pp. 18-35, 279-293, and 475-496. 

(3) H. De Warts: Zeits. f. Immunititsf. u. exper. Therap., 1912, 18, pp. 605- 
666; 1913, 18, 430-450. 

(4) We have summarized the results of our experiments in a preliminary com- 
munication, which appeared in the Compt. rend. Soc. de Biol., 1914, 
77, 310-312. 

(5) E. P. Pick: Zeits. f. physiol. Chem., 1899, 28, 219-288. 

(6) P. Gyérey and E. Zunz: Journ. of biol. Chem., 1915, 21, 511-537. 

(7) M. Gorcuxorr, W. Gricorterr and A. Kourourokxy: Comp. rend. Soe. de 
Biol., 1914, 76, 454-457. 

(8) E. Dunor: Compt. rend. Soc. de Biol., 1914, 77, 358-360. 


THE RELATION OF THE BRONCHISEPTICIN SKIN 
REACTION TO IMMUNITY IN CANINE DISTEMPER 
INCLUDING THE BACTERICIDAL ACTION OF DOG . 
SERUM FOR B. BRONCHISEPTICUS! 


ANAPHYLACTIC SKIN REACTIONS IN RELATION 
TO IMMUNITY. IV. 


JOHN A. KOLMER, TOITSU MATSUNAMI, anp MALCOLM J. HARKINS 


From the McManes Laboratory of Experimental Pathology, University of Pennsyl- 
vania, Philadelphia, Pennsylvania, and the H. K. Mulford Co. Laboratories, 
Glenolden, Pennsylvania 


Received for publication, September 26, 1916 


In a previous paper (1) we have described the results observed 
with a cutaneous anaphylactic reaction in canine distemper with 
a polyvalent emulsion of washed and heat killed B. bronchi- 
septicus (Ferry-McGowan). The intracutaneous injection of 
this emulsion or “bronchisepticin,” has been followed by well 
marked papular or pustular reactions in 77 per cent of dogs 
suffering with distemper at the time of the tests, and in 60 per 
cent known to have had the disease while under our observation. 
Reactions were also observed in 35 per cent of dogs just admitted 
to the animal house of the University and presenting no clinical 
evidences of distemper; we were unable to state what percent- 
age of these dogs had had the disease or whether the reactions 
were purely traumatic. Whether or not B. bronchisepticus 
(Ferry-McGowan) is accepted as the primary etiological agent 
of canine distemper, we concluded that these anaphylactic 
reactions may be interpreted as indicating that in this disease 
a large percentage of dogs display a condition of cutaneous 
hypersensitiveness to its protein. 

The object of the present communication is to record further 

1 Presented before the meeting of the American Association of Immunologists, 
May, 1916. 
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observations with this cutaneous test, and more particularly 
to study its relation with immunity in canine distemper as part 
of a series of studies bearing upon the relation of anaphylactic 
skin reactions to immunity (2, 3 and 4). 


METHOD OF STUDY 


Bronchisepticin skin tests were conducted among dogs suffer- 
ing with distemper, those which had had the disease while under 
our observation and apparently normal dogs. The sera of dogs 
reacting positively and negatively to bronchisepticin were col- 
lected under sterile conditions and subjected to bactericidal, 
agglutination and complement fixation studies to determine the 
relation, if any, between the skin reaction on the one hand and 
the presence or absence of antibodies as detected by tests in 
vitro, on the other. In addition, a number of dogs were kept 
for a sufficient time under observation to determine whether 
or not dogs reacting positively to bronchisepticin could contract 
canine distemper. 

The preparation of bronchisepticin and the reactions as ob- 
served, have been described in our previous paper (1). 

Bactericidal tests were conducted after the pipet method of 
Wright and a special method which utilizes the dog’s own com- 
plement, and by the plate method of Stern and Korte. 

Agglutination and complement fixation tests were conducted 
with emulsions of B. bronchisepticus and other microérganisms 
after the technic previously described (2 and 3). 


I. Further observations with the bronchisepticin cutaneous reactions 


A summary of the results of the intracutaneous bronchi- 
septicin test among 41 dogs is given in table 1. 

While the tests are inspected at the end of twenty-four hours, 
the final readings are not made until forty-eight hours after 
injection, in order to permit the subsidence of traumatic reactions. 

The occurrence of positive reactions among dogs apparently 
normal and healthy at the time of the tests questions the nature 
and specificity of the reactions, but it is highly probable that a 
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TABLE 1 


Summary of results with the intracutaneous bronchisepticin test among 41 dogs 


REACTIONS 


CONDITION AT TIME OF TESTS TOTAL pana 
-L — 
IACHIVeGIStEM Pers .cc.cde ese «eisai sess) 6 3 3 50.0 
Hadbhadidistemper...c..4+ 2.202 -es aces: 15 10 5 67 .0 
INormaleatime) of GeStS {ccs cis eis ae 20 10 10 50.0 


number of these animals had had canine distemper before ad- 
mission to the animal house. 

In order to test the specificity of the reaction to bronchisepti- 
cin, a number of dogs were injected at the same time and intra- 
cutaneously, with bronchisepticin and an emulsion of typhoid 
bacilli prepared from the Rawling’s strain and administered in 
the same manner. 

The results of these tests are shown in table 2. 

TABLE 2 


Results of bronchisepticin and typhoidin reaction among dogs and horses 


ALLERGIC REAC- 


ALLERGIC REACTJONS TIONS WITH B. 


poa xo, | APPROXI Nar TIME. eauvioddiatarony’ \\i/ Shoncamerrtent | meeeceuel 
Skin Eye Skin Eye 
cm. cm. 
889: | 1 yr. | Normal Distemper 0.8X0.8 — = = 
682 4 yrs. | Normal Normal 1.0X1.5 — _ — 
906 1 yr. | Normal Normal 1.0X1.5 — = — 
738 1 yr. | Normal Distemper 0.6X0.6 = = = 
657 1 yr. | Normal Normal 1.5X1.0 = = = 
664 1 yr. | Normal Normal 1.5X2.0 = = = 
783 9 mos.| Normal Distemper 1.5X1.5 _ — = 
596 | 9 mos.| Normal Normal 1.0X2.0 = = = 
962 13 yr. | Normal Normal — — — — 
941 1 yr. | Normal Normal ~ - — _ 
747 2 yrs. | Normal Normal _ - _ _ 
718 13 yrs. | Normal Normal _ — = = 
Horse 
2007 |10 yrs. | Normal | Immunized with} 5.03.0 — — = 
bronchisepticus 
2810 8 yrs. | Normal Normal 2.0X2.0 — — _ 


2833 8 yrs. | Normal Normal 2.0X2.0 = = = 
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Eight of the twelve dogs reacted in a positive manner to 
bronchisepticin, but none reacted to the suspension of B. typhosus. 
These tests indicate that the bronchisepticin reactions are not 
traumatic reactions but apparently true anaphylactic reactions. 

Bronchisepticin and typhoidin tests were also conducted among 
one immunized and two normal horses by injecting 0.1 ec. of the 
emulsions into the skin of the nose; all reacted to bronchisepticin; 
horse 2007, however, which had been immunized with B. bron- 
chisepticus in the preparation of an immune serum, reacted 
more strongly than the two normal horses. All reacted negatively 
to B. typhosus. 


ITI. Bactericidal action of dog serum for B. bronchisepticus im 
relation to the bronchisepticin skin reaction 


The fresh sterile sera of 35 dogs reacting positively and nega- 
tively to the intracutaneous bronchisepticin test and picked 
from among animals apparently normal at the time of the tests, 
dogs sick with distemper and those known to have had the dis- 
ease and normal dogs after active immunization with a vaccine 
of B. bronchisepticus, were submitted to bactericidal tests after 
various methods. 

The results of 18 tests after Wright’s method which employs 
a constant dose of fresh active serum with varying dilutions of 
culture, are shown in table 3. 

In conducting these tests a twenty-four hour broth culture 
of B. bronchisepticus was employed. Varying dilutions of cul- 
ture as indicated in table 3 were prepared with sterile broth and 
the number of living bacilli per cubic centimeter determined by 
plating with agar. The measure of bactericidal power is expressed 
according to the approximate number of microdrganisms killed. 
Serum and culture were mixed and incubated at 37°C. for twenty- 
four hours before culturing in broth. 

The results of tests with 15 of the 35 sera examined by the 
plate method of Stern and Korte, are shown in table 4. 

These tests were conducted by mixing in sterile test tubes 
0.5 ec. of varying dilutions of sterile inactivated serum, 0.5 ce. 
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TABLE 4 
Bactericidal tests after the plate method of Stern and Korte 


BACTERICIDAL TESTS.* DILUTIONS OF SERUM 


NO. HISTORY SKIN TEST ae 

aeils|2|es]e |8/8/2/8 53 

cm. 

969| Active distemper | 0.60.6) +7| + | + oF Fe Stab ict | ete atl oe 
927| Active distemper — +/+] + + Seba) See 
865] Active distemper -- +/+] 4+ + TTB es fea fet a 
872| Active distemper — Py ee yee 4h i eee ery (ete) 
778| Had distemper AU Ses | Se | ae =F Si saa Veto Use faba f= 
783| Had distemper Spas) Seal ars || ae == ae Sap ae hse) se 
872| Had distemper - +} + + ak ate Sy SE ee 
681} Had distemper — Se |p I) te as SE eS ey Ber) 
657| Had vaccine 1.0X1.0/1800|2000) 2000 | 6000 | 14000; +} +] +} +] — 
637| Had vaccine 1.20.5}4500/5500) 7000 | 14000} + | +] +] +] +] — 
596) Had vaccine —  |4000/6000} 10000} + aa bat Heise ti (a!) 
664) Had vaccine _ +/+) + ae See ee ashe) — 
778| Normal 10X11 2|) ee =e SF ar Selah ar aril = 
747| Normal ~ +) +] + + a) 22) eee eee 
941) Normal = 150} 900] 1200 | + Seer) te ee 


*0.5 cc. of 1: 10 guinea-pig serum complement used in these tests was with- 
out appreciable bactericidal effect. 

+t = an uncountable number of colonies in the plates. 

— = sterile plates. 


of sterile guinea-pig serum complement diluted 1:10 with salt 
solution and 0.5 ec. of a 1:200 dilution of twenty-four hour 
culture of B. bronchisepticus. After incubation at 37°C. for 
three hours, 10 ce. of agar at 40°C. were added to each tube and 
poured into sterile petri dishes. Controls on each serum in 
lowest dilution, complement and culture were included in each 
experiment. 

Plates were counted after 48 hours incubation. 

Bactericidal tests were also conducted after a special method 
consisting of placing in sterile test tubes 0.1, and 0.4 and 0.6 
ec. of fresh active serum (not over sixteen hours after collec- 
tion), 0.1 ec. of a twenty-four hour broth culture of B. bronchi- 
septicus and sufficient sterile salt solution to make the total 
volume in each tube 1 ec. After incubating for three hours, 5 ec. 
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of broth were added to each tube and re-incubated for forty- 
eight hours when the results were determined. Serum and 
culture controls were included in each experiment. ‘The results 
of a number of tests after this method are shown in table 5. 


TABLE 5 


Bactericidal tests with 0.1 cc. of twenty-four culture of B. bronchisepticus exposed 
for three hours to increasing amounts of active serum 


AMOUNTS OF ACTIVE SERUM 


NO. HISTORY SKIN TEST 
O.1cc. | 0.2 cc. | 0.4ec. | 0.6ce. | Serum 
cm, 

969 Active distemper 0.60.6 +* + + + _ 
927 Active distemper - oo “- _ — — 
865 Active distemper _ + + + + — 
872 Active distemper - ok a aa _ ~ 
778 | Had distemper 1F OX ao -b os _ 
783 | Had distemper 1.5X1.5 + — — _ — 
872 Had distemper a +- a — — _ 
681 Had distemper — + — = = 
685 Had distemper + + + = — 
657 Had vaccine 1.0X1.0 -- + ~ = — 
637 Had vaccine WePAS<il + + — = = 
596 Had vaccine _ + +. + — = 
664 Had vaccine — te + + = = 
596 Had vaccine _ oo + + — — 
778 Normal 1.0X1.2 + + + _ — 
747 Normal - + + + + ~ 
941 Normal - + + + _ — 
568 Normal 0.5X0.5 -+ - - - — 
+ = growth; — = sterility. 


SUMMARY OF THE RESULTS OF BACTERICIDAL TESTS 


1. The results of bactericidal tests with the same sera varied 
in the different methods, but as a general rule the bactericidal 
power of the sera of normal dogs, those suffering with distemper 
and those having had distemper, is very low for B. bronchisepticus 
as measured by in vitro tests. 

2. The third method which employed large doses of serum 
(table 5), showed a bactericidal action of sera which was not 
apparent in the pipet and plate methods. 
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3. Normal dog serum may possess a slight bactericidal activ- 
ity over B. bronchisepticus which is apparently not increased 
during or after an attack of distemper. 

4, Active immunization with a vaccine of B. bronchisepticus 
tends to increase the bactericidal power of dog serum for this 
microorganism. 

5. There was no relation between the results of the bronchi- 
septicin skin tests and the bactericidal tests. The sera of those 
dogs yielding positive skin reactions did not appear to have an 
appreciable increased bactericidal value. 


III. Protection in relation to the bronchisepticin skin test 


Of primary importance in the discussion concerning the re- 
lation of an allergic skin reaction as an index of immunity, is 
whether or not a disease is found to occur spontaneously among 
persons or animals presenting cutaneous hypersensitiveness to 
the protein of the causative microérganism. 

As previously stated a number of our dogs reacted positively 
to bronchisepticin during the active stages of distemper, while 
others failed to react after having had the disease. 

From April 6, 1916, to June 12, 1916, thirty-three dogs, on 
all of which the skin tests had been made on the former date, 
were under our direct observation; two of these which reacted 
positively to bronchisepticin, contracted distemper during this 
period. Ten dogs reacting positively and fourteen reacting 
negatively, did not present clinical evidences of the disease 
during the same period of observation. 

The usual residence of dogs in the animal house is too short 
to secure a large enough series for determining whether or not 
ultimately those dogs reacting positively to the bronchisepticin 
skin tests are immune to distemper or contract the disease; the 
evidence at hand, however, indicates that a dog reacting posi- 
tively is still susceptible to canine distemper. Experiments on 
the possibility of infecting dogs which react positively and nega- 
tively with pure cultures of B. bronchisepticus are being under- 
taken to secure more conclusive data. 
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IV. Agglutination of B. bronchisepticus in relation to the bronchi- 
septicin skin reaction 


Strains of B. bronchisepticus have been found to vary in sus- 
ceptibility to agglutination; a more complete account of agglu- 
tination tests in distemper is given elsewhere (5). Our immediate 
object in this portion of the investigation was to determine the 
relation, if any, between the bronchisepticin skin tests and the 
presence or absence of agglutinins for B. bronchisepticus in dog 
serum. Since agglutinins are regarded by many as intimately 
concerned in the phenomenon of bacteriolysis, we have summa- 
rized the results of bronchisepticin, agglutination and bacterio- 
lytic tests? (shown in tables 3, 4, 5, 6, 7, 8 and 9) as follows: 

1. Normal dog serum may agglutinate B. bronchisepticus in 
dilutions as high as 1:40. During the acute stages of distemper 
the agglutination titer may reach 1: 160 and drop to 1:80 or 
normal in a comparatively short time after the subsidence of 
the disease. Active immunization increases the agglutinin 
content. As a general rule, however, it may be stated that the 
agglutinins for B. bronchisepticus are not greatly increased in 
distemper and agglutination tests have been found of no value 
in the diagnosis of the disease. 

2. As previously stated the bactericidal value of normal and 
distemperous dog serum for B. bronchisepticus is very slight, and 
only appreciable under conditions where the dog’s own comple- 
ments are utilized, when the proportion of serum is in excess of 
the culture. Dog sera which agglutinate B. bronchisepticus 
in dilutions up to 1:40 or higher, may show no appreciable 
bactericidal activity; in our experiments we were unable to de- 
tect a relationship between the agglutinins and bacteriolysins, 
but this may be due to the low content of both and insufficient 
delicacy of tests in vitro for these antibodies. 

3. Our experiments demonstrate quite definitely, however, 
that there is no relation between the skin tests and the presence 
of agglutinins in the sera. Positive skin reactions have occurred 


2Most of the agglutination and bacteriolytic tests were conducted with a 
single strain of B. bronchisepticus. 
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in dogs whose sera were high or low in agglutinins and vice versa 
without a demonstrable relationship between the two reactions. 


V. Complement fixation in relation to the bronchisepticin skin 
reactions 


Complement fixation tests were conducted with sera of normal 
and distemperous dogs to determine if there was any relation 
between the skin tests and the presence or absence of complement 
fixing antibody. Unfortunately normal dog serum is prone to 
yield non-specific reactions and particularly with bacterial 
antigens (6), so that it is extremely hazardous to draw conclusions 
on the basis of complement fixation tests. As pointed out else- 
where (5) complement fixation reactions have been found of 
little practical value in the diagnosis of canine distemper and 
this is largely due to the tendency of normal dog sera to yield 
non-specific reactions that cannot be differentiated from true 
complement fixation by specific antibody. 

Complement fixation tests were conducted with various 
polyvalent antigens of B. bronchisepticus and of the staphylococci 
and streptococci so frequently found in the upper respiratory 
passages of distemperous dogs. These antigens were prepared 
by cultivating the microérganisms on a solid medium, washing 
once or twice by centrifugalization, re-suspending in normal 
salt solution and heating at 60°C. for one hour. In all experi- 
ments the antigens were titrated preliminary to the tests and 
were used in doses corresponding to one-third or one-quarter 
the anticomplementary dose. In the titrations and comple- 
ment fixation tests, at least two units of hemolysin were em- 
ployed to overcome, to some extent, non-specific complement 
fixation; for the same reason all sera were tested while fresh and 
unheated. The results are shown in tables 6, 7, 8 and 9. 

The occurrence of positive reactions and particularly the 
degree of reaction, were less among our so-called normal dogs 
(table 6) than those suffering with distemper (table 7) or known 
to have had the disease (table 8) or having received bronchi- 
Septicus vaccine (table 9). No relation was found, however, 


ee ee 
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TABLE 6 


Results of agglutination, complement fixation and bronchisepticin skin tests among 
normal dogs 


ALLERGIC 


2 
REACTIONS COMPLEMENT FIXATION TESTS 


heh AGE iii |AGGLD: ; ; P 7 3 
i Serum 
ae i Benen Sono eee strept.| staph. control 
cm, 
909} 3 months _ —11:20] — = _ = oe we 
828] 1 year 1.0X1.0) —| 1:20) — ae = = Sia = 
853] 1 year. PO Le Chet s 208i eat ete teal teats ate staat = 
880] 14 years 0.60.8) —| 1:40) — _ — = a i 
941) 1 year eo =eilts 0) pat =t— = = a _ a 
747| 14 years _ |S Tg) Sess ese ape ae Beate mu 
568) 1 year Ono Oro sO) ee eee pester toa lite ctcuan | otecdeata te ee 


* Conducted with active serum in dose of 0.1 cc. 


between the skin reactions and the complement fixation tests, 
although in similar studies in other diseases positive comple- 
ment fixation tests have usually occurred with the sera of persons 
yielding positive skin reactions (2, 3, and 4). 


CONCLUSIONS 


1. Anaphylactic skin tests with a polyvalent antigen of washed 
and heat killed B. bronchisepticus (Ferry-McGowan) indicate 
that a large percentage of dogs are hypersensitive to the pro- 
tein of this bacillus. 

2. Dogs known to have had distemper yielded the highest 
percentage of positive reactions; a large proportion of apparently 
normal dogs reacted in a positive manner when tested soon 
after admission to the animal house, but there was no means of 
learning what proportion of these animals had had the disease. 

3. Bronchisepticin intracutaneous reactions are probably 
specific reactions due to hypersensitiveness to the protein of 
B. bronchisepticus; similar tests with an emulsion of typhoid 
bacilli yielded negative reactions. 

4. The sera of normal dogs, those suffering with distemper 
and those convalescent from this infection, possess slight or 
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no bactericidal activity over B. bronchisepticus as measured by 
tests in vitro. 

5. There is no relation between the results of bronchisepticin 
anaphylactic reactions and the bactericidal power of the serum. 
The sera of dogs yielding positive anaphylactic reactions in the 
skin did not appear to have an appreciable increased bacteri- 
cidal value. 

6. Agglutinins and complement fixing antibodies for B. 
bronchisepticus appear to be increased to some extent in distem- 
per. Normal dog serum contains agglutinin for this bacillus 
and yields non-specific complement fixation reactions so that 
both procedures possess but little practical value in the diag- 
nosis of distemper. In our experiments we were unable to 
detect a relationship between the agglutinins and bacteriolysins 
on the one hand and the skin reactions on the other. 

7. Evidence at hand indicates that dogs yielding positive 
bronchisepticin reactions are still susceptible to canine distemper. 
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